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Abstract of Thesis 
Objective of the thesis: To evaluate the interaction between the beneficial effects of 
intensive physical training, and the detrimental effects of menstrual dysfunction induced 
by intensive physical training (namely amenorrhoea and oligomenorrhoea), on bone 
mineral density in young females. 
Methods: Full time collegiate dance students were recruited as the model for study. A 
group of eumenorrhoeic non-exercising young females and a group of non-exercising 
females with menstrual dysfunction were also recruited from the Adolescent 
Gynaecology clinic for comparison and study. The investigations consisted of the 
following parts: 
a) A cross sectional observational study was performed comparing BMD values among 
non-exercising young women with polycystic ovaries, those with hypothalamic menstrual 
dysfunction, and those who were eumenorrhoeic, to define the impact on BMD of 
menstrual dysfunction due to different causes in the non-exercising female; 
b) A cross-sectional observational study comparing BMD values in axial and 
appendicular skeleton in young dancers with or without menstrual dysfunction to 
demonstrate the impact of menstrual dysfunction in exercising young females; 
c) A cross sectional observational study comparing BMD values between the young 
dancers and the non-exercising women, both with and without menstrual dysfunction; 
d) A longitudinal study over a period of 18 months to compare BMD changes among 
young dancers with and without menstrual dysfunction, and non-exercising 
eumenorrhoeic women. 
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All subjects had a full hormonal profile, pelvic ultrasound, bio-impedance estimation of 
body fat, and dual energy X-ray absorptiometry (DXA) and quantitative peripheral 
computerized tomography scans (pQCT) to determine bone density as appropriate. 
Results: In the group of non-exercising young females, those with oligomenorrhoea and 
amenorrhoea with normal ovaries had lower BMD than eumenorrhoeic ones, but those 
with polycystic ovaries had BMD values comparable to eumenorrhoeic controls. In the 
dancers, oligo/amenorrhoea was associated with lower bone mineral density values in 
both the axial and appendicular skeleton compared to eumenorrhoeic dancers. The 
dancers as a group had higher BMD as compared to non-exercising eumenorrhoeic 
females of the same age. Dancers with menstrual dysfunction still had comparable or 
higher BMD values compared to non-exercising eumenorrhoeic controls. The young 
dancers had higher BMD increments over an observed 18-month period as compared to 
non-exercising females of the same age group, indicating that intensive weight bearing 
exercises facilitated accrual of BMD at this age. On the other hand, dancers that were 
oligo/amenorrhoeic had lower bone accrual at trabecular sites in the appendicular 
skeleton compared to eumenorrhoeic dancers. 
Conclusion: In non-exercising young females with menstrual dysfunction, hypothalamic 
oligo/amenorrhoea was shown to have a negative effect on axial and appendicular BMD 
values. The presence of polycystic ovarian syndrome appeared to have a protective effect 
on BMD, so that the negative effects of oligo/amenorrhoea on BMD were not seen in this 
group. The beneficial effects of physical exercises in the form of dance training on BMD 
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in young females were confirmed both from cross-sectional data and longitudinal data in 
this study. In dancers with amenorrhoea or oligomenorrhoea, the beneficial effects of 
dance exercise on BMD were attenuated, but mean BMD values were still comparable to 
eumenorrhoeic non-exercising young women. 
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b )以觀察性斷面形式比較有 /無月經功能障礙的年輕舞者， 
中軸骨豁與附屬骨骼的分別，從而顯示月經功能障礙在年 
輕運動婦女的影響。 
C )以觀察性斷面形式比較年輕舞者與非運動者在有 /無月經 
功能障礙情況下，骨質密度的分別。 
d ) 以 十 八 個 月 縱 行 形 式 比 較 年 輕 舞 者 在 有 / 無 月 經 功 能 障 礙 
情況下，骨質密度的轉變及與非運動正常月經者的比較。 
所有實驗者均接受全套賀爾蒙測試，盤腔超音波檢驗，生化電 























Menstrual dysfunction, physical exercises and bone mineral density - a 
review 
Introduction 
The incidence of menstrual dysfunction in young females in their late adolescent period 
and early twenties has been estimated to be high [1]. Oligomenorrhoea and amenorrhoea 
is the most common form of dysfunctional menstrual pattern at this age group, due to the 
irregular ovulation associated with irregular gonadotrophin cycles from the hypothalamic 
pituitary axis [2]. Amenorrhoea may herald the onset of oestrogen deficiency, which can 
adversely affect peak bone mass and subsequent risks of osteoporosis in later life [3]. 
1.1. Factors affecting bone accretion in adolescent period 
Adolescence is a critical period for bone accretion as over half of peak bone mass is 
achieved during the teenage years. Important modifiable factors that optimize bone 
accretion during this period are calcium intake, vitamin D, nutrition, and exercise [3]. 
In an adolescent girl, it has been estimated that up to 90 % of total body mineral content 
appears to be accrued by age 16.9 土 1.3 years [4，5], and the rates of calcium absorption 
and bone formation decrease significantly with post-menarcheal age following onset of 
menses. It was also reported that black teenage girls had higher calcium absorption 
compared to whites, which may account in part for the higher bone density generally seen 
in black adolescents compared with other ethnic groups [6]. Indeed, genetic 
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predisposition is a very crucial factor determining bone mineral density, and can account 
for up to 80% of the variance in bone mass [7]. 
Two important modifiable factors that can influence menstrual function and produce 
oligo/amenorrhoea are low energy intake and intensive physical training [8，9]. It has 
been reported, for instance, that amenorrhoea for 6 months or more associated with 
weight loss could result in vertebral BMD values that was less than 2SD below the age-
adjusted mean in young women [10]. Malnutrition, together with oligo/amenorrheoa and 
hypo-oestrogenism, can adversely affect peak bone mass, and the bone mineral deficits or 
osteopenia may not be reversible in later life. Other dietary factors that can represent risk 
factors for bone loss include smoking and excessive alcohol intake, which either reduce 
calcium absorption or suppress bone formation rates to reduce total bone mass [4]. 
Smoking and alcoholism, however, will not be further examined in this thesis. 
1.2. Menstrual Dysfunction in the form of Oligomenorrhoea and Amenorrhoea -
relationship to bone mineral density 
Primary amenorrheoa is defined as the absence of menses by the age of 14 in the absence 
of secondary sexual characteristics, or in the presence of normal development, by the age 
of 16 [11]. Secondary amenorrhoea has been defined as the absence of menses for 6 
months in a woman who has been previously regularly menstruating. Oligomenorrhoea 
will then be taken in general as cycles that are longer than normal but not exceeding 6 
months. In gynaecological practice, it is normal practice to initiate investigations for any 
woman with no menses for 3 months or more. In adolescents, however, menstrual 
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irregularity is common particularly in the first 2-3 years after menarche as the 
hypothalamic-pituitary axis continues to develop and mature [1]. Historically, it was 
reported that the centile for cycle length was 90 days in the first menarcheal year 
[12]. 
Clinically, primary amenorrhoea associated specific anatomical abnormalities, such as 
the Mayer-von Rokitansky-Kuster-Hauser syndrome [13], or those with obstruction to the 
outflow tract [14], are not associated with hypo-oestrogenism as ovarian endocrine 
function will be normal. These cases will not be further elaborated in this thesis. On the 
other hand, specific conditions associated with chronic anovulatory cycles leading to 
amenorrhoea, including medications, premature ovarian failure, hyperprolactinemia and 
polycystic ovary syndrome, needed to be excluded before a simple functional 
hypothalamic cause can be ascribed. Iatrogenic amenorrhoea from drugs such as 
gonadotrophin-releasing hormones (GnRH) analogue [15] and depot medroxy-
progesterone acetate [16] has also been associated with deleterious effects on BMD. 
Findings have shown that adolescents who are prescribed these drugs had losses in BMD 
compared to controls that are not exposed to these agents. In particular, a mean BMD loss 
of-1.5% to -1.8% was found after 1 year of treatment by depoprovera in these 
adolescents and up to -4.8% after 2 years of therapy, while untreated controls in contrast 
still showed gains of+1.20% to 2.85 % over 1 year or up to +9.49% over 2 years [16, 17, 
18]. 
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In a recent study, 50 women who had been previously diagnosed to have spontaneous 
premature ovarian failure were surveyed through a semi-structured interview. The data 
revealed a significant delay in arriving at a definitive diagnosis, some for as long as 5 
years, despite repeated clinical consultations. The need for earlier and more aggressive 
evaluation and management of the amenorrhoea was raised [19], and the potential 
aggravation of bone loss due to the delay to institute oestrogen replacement therapy was 
also discussed. In addition, a recent report that utilized quantitative ultrasound 
measurements of the os calcis compared a small group of premenopausal women with 
amenorrhoea and hyperprolactinemia and compared them with healthy controls. The 
study confirmed earlier data of lower BMD in these women after controlling for age 
differences and body mass index [20]. This thesis will not discuss further on medication 
induced amenorrhoea, hyperprolactinemia, or premature ovarian failure, as these 
conditions were excluded in both control and study subjects in the various parts of the 
study. 
1.3. Menstrual dysfunction with hypothalamic causes or polycystic ovary syndrome 
and BMD 
While oligomenorrhoea and secondary amenorrhea were common manifestations in 
adolescents, similar patterns of menstrual dysfunction can result from anovulation related 
to hypothalamic or pituitary dysfunction or in others with polycystic ovaries [21]. It is 
apparent from the literature that the impacts of these two causes on BMD were 
significantly different. Despite the presence of oligo/amenorrhea resulting from chronic 
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anovulation in young women with polycystic ovaries, it was reported that their BMD was 
in excess of their mean age [22]. 
In the hypothalamic group, the anovulation could be idiopathic, perhaps related to an 
immature hypothalamic pituitary ovarian axis [23], or could be the sequalae of intensive 
physical exercise [24，25], eating disorders [26] and low body fat composition [27]. 
While prolonged estrogen deficiency similar to the menopausal state in young females 
has been well documented to be associated with osteoporosis [28,29], previous studies on 
post-adolescent women with secondary amenorrhea showed that polycystic ovarian 
syndrome may have a protective effect on bone mineral loss compared to those with no 
polycystic ovaries [30]. However, data was available only for the lumbar spine but not 
other bone sites. Moreover, those with polycystic ovaries were found to be more 
oestrogenized at peripheral sites as compared to non-PCOS women, implying that PCOS 
patients with menstrual dysfiinction may not suffer the same degree ofhypo-
oestrogenism. Thus, in order to better define the characteristics of non-exercising subjects 
with oligo/amenorrhoea, a particular section of the investigations (Chapter 4) will be 
focused on the identification of polycystic ovarian syndrome and comparing the bone 
mineral density in adolescents with this condition to those with menstrual dysfunction 
due to hypothalamic origin. 
1.4. Eating disorders and the relationship to bone mineral density 
A variety of risk factors have been found to be conducive to low bone mass in young 
females with anorexia nervosa [26]，which can result from a simultaneous increase in 
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bone resorption as well as decrease in bone formation [31,32]. In particular, levels of 
anabolic hormones such as insulin-like growth factors (IGF-1) are low, and a close 
correlation between IGF-1 levels and biochemical bone formation markers have been 
found [32]. The abnormal bone formation could be explained in part by abnormal 
osteoblast function found in these women with anorexia nervosa. Moreover, previous 
studies have shown that serum levels of dehydroepiandrosterone was subnormal in 
patients with anorexia nervosa [33], and more recently it was found to correlate inversely 
with urinary levels of N-telopeptides, a bone resorption marker, indicating that the 
hormone may modulate the increased bone resorption in these women. On the other hand, 
however, serum levels of interleukin-6, tumour necrosis factor-alpha and other pro-
resorptive cytokines which have been shown to contribute to increased bone resorption in 
postmenopausal women were at very low or undetectable levels in adolescents with 
anorexia nervosa [26]. Thus, the mechanisms that are at work to produce bone loss in 
these young women may be somewhat different from the older postmenopausal woman. 
The role of other mechanisms, such as hypothalamic dysfunction or disturbances in 
neurotransmitter and neuropeptides which may also be directly related to bone loss in 
these young women need to be explored. 
Epidemiologically, adolescents who develop anorexia nervosa prior to menarche were 
found to have lower BMD than those who develop the disorder later in adolescence [34]. 
In a cross-sectional sample of adolescent girls with anorexia nervosa with a mean age of 
14.7 years, low total body BMD was found in 23.7% of them and low spinal BMD was 
found in 36.6%. The age of menarche has been found to be the most important factor 
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predicting BMD in these young women [35]. In a detailed study of a cohort of 
adolescents with anorexia nervosa, when these are classified according to their stage of 
illness and evaluated, it was found that osteopenia was more prevalent when patients 
presented at younger ages and when the duration of amenorrhoea was longer [36]. In that 
study, amenorrhoea for 20 months was identified as a threshold above which the most 
severe osteopenia was seen. Serum IGF-1 levels were also directly correlated with bone 
formation markers, and levels of oestradiol negatively correlated with bone resorption 
markers. A further study that examined predictors of low bone density in young women 
with anorexia nervosa found a direct correlation between BMD and serum oestradiol, 
weight, body mass index and lean body mass [37]. As the duration of amenorrhoea and 
dieting were associated with a low BMD, it was concluded that essentially it was the 
timing of onset of dieting that is most relevant to bone density. Adolescents who both 
reported dieting at degrees not qualified to be anorexia nervosa and who also had 
amenorrhoea were at similar risks for low bone density as those with true anorexia 
nervosa as judged by the standard diagnostic criteria. This implies that adolescents with 
eating disorders that do not qualify as anorexia nervosa still run similar risks of low bone 
density once they exhibit menstrual dysfunction. Given the widespread problem of eating 
disorders among teenage females, such information could have important implications on 
the general health of this young population. -
1.5. Cellular mechanisms of bone remodeling and the association to oestrogen 
Bone is remodeled by a sequence of cellular events which occur in discrete locations 
known as bone remodeling units. This process begins with the activation of mature 
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osteoclasts adhering to the bone surfaces usually covered by lining osteoblasts and with 
an expansion of the osteoclastic pool [38]. Since receptors for systemic and locally 
produced factors capable of stimulating bone resorption are expressed in larger 
abundance by osteoblasts and osteoblast precursors of the stromal lineage than by 
osteoclasts, it is commonly accepted that bone resorption is initiated and regulated by 
osteoblasts [39]. More recent studies, however, have also demonstrated that bone 
resorption is regulated primarily by the rate of osteoclast formation [40], which in turn 
requires the interaction of stromal cells and osteoblasts with haematopoietic osteoclast 
precursors. The important regulatory role of osteoblasts is thus further substantiated. 
The proliferation, differentiation, and secretory activity of these osteoblasts are under the 
control of cytokines and growth factors. The production of a large number if cytokines in 
the bone microenvironment has been documented, and the complex and overlapping 
effects of these factors on both formation and resorption were identified. These factors 
included interlukin (IL) - 1 alpha and 1 beta, IL —6，tumour necrosis factor (TNF)，alpha 
and beta, macrophage (M-) and granulocyte-macrophage (GM-) colony-stimulating 
factor (CSF). 
IL-1 and TNF are among the most powerful stimulators of bone resorption known, and 
well-recognized inhibitors of bone formation [41], while IL-6 exerts its pro-
osteoclastogenic effects via a cell surface receptor. The bone matrix also contributes to 
the regulation of bone turnover, which could be regulated both by the amount of matrix 
fragments such as collagen or fibronectin released locally and by the degree of 
mononuclear cell responsiveness to these fragments. This type of regulation is shown by 
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the ability of ovarian steroids and Vit D to regulate mononuclear cell IL-1 activity [42] 
and the expression of collagen receptors on monocytic cells respectively. The increase in 
bone resorption occurring in hypo-oestrogenism after menopause could be visualized as a 
result of enhanced responsiveness of marrow mononuclear cells to release of bone matrix 
fragments and the resulting increase in cytokine secretion [43]. With oestrogen deficiency, 
cytokines active on bone resorption are released at specific sites, upon activation of new 
remodeling units, as a result of a local interaction between mononuclear cells and bone 
matrix fragments. Because of the powerful bone-resorbing activity of IL-1 [44]，a cascade 
of events leading to an amplification of bone resorption and further cytokine production 
can be initiated. On the other hand, oestrogen replacement would then decrease the 
monocytic secretory response to bone matrix fragments, resulting in a lower number of 
mature osteoblasts available for activation of new remodeling units. 
Since menopause is associated with a significant increase in the rate of bone remodeling, 
a great deal of attention has been devoted to investigating the mechanism by which 
oestrogen regulates bone turnover and the role of cytokines in this process. Recent 
evidence has shown that IL-1, IL-6, TNF, M-CSF and GM-CSF are produced in greater 
abundance in conditions of oestrogen deficiency. Moreover, oestrogen also increases the 
levels of TGF beta and mRNA and the release of TGF beta protein from osteoblasts. 
Since TGF beta is a potent inhibitor of osteoclastic function and an osteoblast mitogen, 
oestrogen can exert its positive effects on bone by decreasing bone resorption. All the 
above cytokines are therefore potential mediators of the effects of oestrogen in bone [45]. 
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However, these cellular mechanisms of bone remodeling in oestrogen depleted and 
oestrogen rich states were proposed to describe the chain of events in menopausal states, 
and to explain menopausal related osteoporosis and the benefits of oestrogen replacement 
in these conditions. While the basic processes of bone resorption and bone formation 
should be the same, other cellular mechanisms that could control rates of bone accrual 
and remodeling may be at work. Thus, it remains to be evaluated whether the above 
cellular mechanisms also apply to adolescent bone turnover, particularly under the 
scenarios of hypo-oestrogenism resulting from exercise induced hypothalamic 
anovulation as studied in this thesis. 
1.6 Effects of hormonal treatment for hypo-oestrogenic states on BMD 
While hypo-oestrogenism and disordered eating with poor nutrition are all associated 
with increased risks of bone loss in young women with anorexia nervosa, the appropriate 
management for preventing the development of osteoporosis is still controversial. When 
a group of young women with anorexia nervosa were given oral contraceptives for 23.1 
months and compared with a similar group who received standard therapy with no 
hormones, no significant increases in BMD was seen in either groups. Such findings 
question the common practice of prescribing hormonal replacement therapy to increase 
bone mass in young women with anorexia nervosa [37], and the role for standard 
hormonal replacement regimes has been debated [46]. In a randomized control trial, when 
postmenopausal doses of oestrogen replacement together with progestogens (Premarin 
0.625 mg, days 1-25, Provera 5 mg days 16-25) were administered, bone mass was found 
to increase in a small subgroup of young women with the lowest initial body weight. [47]. 
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On the other hand, in an open study that utilized contraceptive doses of ethinyl oestradiol 
(50 ug) that are substantially more potent than the postmenopausal hormonal replacement 
regimes, there was still no demonstrable increase in BMD after treatment after 12 months 
of treatment and partial weight recovery [48]. In another prospective observational study 
that compared a lower dosage of 20-35 ug ethinyl oestradiol oral contraceptives with no 
hormones, it was again found that despite weight gain in both groups, there was no BMD 
increase seen in either group. Bone density was nevertheless maintained over the 2 year 
treatment period at both the spine and hip regions in those taking oral contraceptives [34]. 
When a 20 ug ethinyl oestradiol oral contraceptive was compared with 50 mg of oral 
micronized dehydroepiandrosterone in a double-blinded randomized control trial, the 
investigators again found no significant increase in BMD over a period of 1 year, though 
maintenance of hip and spinal BMD was seen in both groups. [49]. When the anabolic 
effects of IGF-1 combined with oestrogen and progestin was examined as an anti-
resorptive agent and compared with standard oestrogen/progestin HRT, a significant 
increase in spinal BMD was seen after 9 months of combined therapy, but no significant 
changes in BMD was seen in the group on oestrogen/progestin HRT alone [32]. While 
the above quoted studies have shown quite consistently that oestrogen replacement alone 
is not effective in preventing bone loss in anorexia nervosa patients, bone density was at 
least maintained in the women during the time they were taking the oestrogen [50]. It 
appears likely that other hormonal mechanisms are likely to be responsible for the low 
BMD in these women. Proper nutrition, restoration of weight, introduction of exercises, 
is probably also essential. 
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1.7. The female athlete triad syndrome 
The female athlete triad is a syndrome consisting of disordered eating, amenorrhoea and 
osteoporosis [9]. Athletes with voluntary dieting and restricted calorie intake mimic the 
picture of young women with anorexia nervosa. In addition to this problem, however, 
they have high energy expenditures as a result of their physical exercises and thus can 
develop an imbalance of energy intake and output. Menstrual dysfunction in the form of 
amenorrhoea or oligomenorrhoea results as hypothalamic-pituitary-ovarian axis 
dysfunction occurs similar to patients with anorexia nervosa, and hypo-oestrogenism 
ensues with its deterrent effects on bone mineral density. 
On the other hand, weight bearing exercise is known to be an important contributor to the 
establishment of peak bone mass and to maintenance of bone mass after this peak is 
attained. Studies have shown that the benefits of exercise in promoting bone accrual and 
a higher peak bone mass are greatest before the completion of puberty [4]. Participation 
in exercise and training before the onset of menses appears to increase BMD significantly 
more than when started after initiation of menses. A study of Canadian children showed 
that physically active girls had a 17 % higher total body BMD as compared to sedentary 
peers [50], while a retrospective study of young adult women showed that those who 
participated in high-school sports exhibited only a 7% increase in femoral neck BMD as 
compared to controls [51]. However, when hypo-oestrogenism occurs together with 
menstrual dysfunction resulting from excessive exercises, the benefits of the physical 
activity may be lost and the net effects may actually be detrimental to bone mass. The 
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opposing effects of these influences on bone mass were the theme of investigation in this 
thesis. 
It has been hypothesized that hypo-oestrogenism in these physically active young women 
can lead to increased bone resorption and reductions on peak bone mass as in those with 
anorexia nervosa. In terms of therapy, weight gain and gradual resumption of menses 
with associated rises in endogenous oestrogen production are apparently the best 
approaches to increasing bone density in these underweight females. On the other hand, 
the effect of oestrogen replacement in exercise-induced hypothalamic amenorrhoea still 
remains controversial. When oral contraceptives were given to a group of physically 
active women aged between 18-31 years, bone loss was still observed at the spine and hip 
[52]. Other studies, however, showed that cortical bone BMD responded favourably to 
oestrogen replacement [53], while supplementation with dietary calcium at a dose of 
1200 mg per day appeared to be effective in minimizing bone loss in these women [4]. 
The available data on the effects of oral contraceptives in adolescents with exercise 
induced hypothalamic amenorrhoea appears to conflict with the data of oral contraceptive 
use in normal non-exercising women. Furthermore, the effects of oral contraceptives on 
BMD in healthy women remain a controversial issue. In healthy women, some large 
studies have shown that oral contraceptives have beneficial effects on the bone [54, 55], 
though this finding was not consistent in all studies [56, 57]. In a prospective 5-year 
study in which young healthy women received 20 ug ethinyl oestradiol of oral 
contraceptive were compared with controls, the treated women showed no changes in 
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BMD but the controls had a 7.8% increase in BMD. The authors speculated that 
endogenous gonadal oestrogen secretion was suppressed by the oral contraceptive, but 
the replacement dose administered was inadequate for achievement of peak bone mass 
[58]. The effects of different progestin components in oral contraceptive preparations 
should also be taken into account. In a prospective series, BMD increased by =2.33% 
over 1 year in healthy young women with a 35 ug ethinyl oestradiol norethindrone pill 
compared to a non-significant +0.33% increase in those on a 30 ug ethinyl oestradiol 
desogestrol pill, while the untreated group had a -0.37% BMD loss [17]. Further studies 
on the impact of OC pills in both exercising adolescents and non-exercising young 
women are indicated. 
1.8. Dancers as a model of the athlete triad syndrome 
Menstrual dysfunction has been shown to occur commonly in dancers [59]. The 
incidence of menstrual dysfunction was found to be particularly high in certain 
disciplines of dance, such as ballet [24]，as well as in those with intense training and low 
body fat composition [27, 60]. The most common pattern of menstrual dysfunction in 
these dancers consists of oligomenorrhoea and amenorrhea, signifying infrequent 
ovulation or temporary cessation of ovulation and low circulating oestradiol levels [25], 
and thus matching precisely the criteria for diagnosis of the athlete triad. Such menstrual 
dysfunction is at least partly contributed by eating disorders, from bulimia to true 
anorexia nervosa [37]. In female ballerinas around adolescence with menstrual 
dysfunction, increased incidences of scoliosis and stress fractures have been shown [24], 
though it was doubtful whether such manifestations are directly related to the hypo-
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oestrogenism as in postmenopausal states [61]. The period of late adolescence to the 
early thirties is the period when peak bone mass is achieved. When professional dance 
training starts in adolescence, the occurrence of menstrual dysfunction may indeed 
antagonize the effects of exercise and training to affect the level of peak bone mass that 
can be attained [62]. Thus, with the relatively high incidence of menstrual dysfunction 
among dancers, and yet the regular physical training that by its nature involves intensive 
weight bearing exercises, dancers are an ideal model to study the interacting and 
antagonizing effects of these factors on bone mineral density. 
1.9. The effects of exercise on bone mineral density 
Positive effects of mechanical loading via exercise on bone mineral density (BMD) have 
been well documented in humans [63,64,65 and 66]. Many of the previous studies that 
demonstrated a positive effect of exercise on BMD, utilized dual energy photon or X-ray 
absorptiometry to show differences in bone mineral density at sites in the axial as well as 
appendicular skeleton, such as the lumbar spine, femoral neck or radius. However, the 
results yielded described an areal BMD calculated as a quotient of the bone mineral 
content that projected on a two dimensional corresponding area [67]. Such measurements 
are generally accepted to be valid when little changes in bone size are to be expected. 
When changes in BMD are related to exercise and mechanical loading, marked 
alterations in the size and shape of the skeleton may be involved [68] and the validity of 
areal BMD measurements becomes questionable. More recent studies utilized peripheral 
quantitative computerized tomography to look for differences in volumetric bone density 
[69], and in particular, BMD changes that occurred as a result of focal mechanical 
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loading in certain parts of the skeleton, as in squash or tennis players [70,71]. In dancers, 
it remains speculative whether the impact of dance exercise would exert any effects on 
bone size or thickness, or whether the same impact on BMD changes are observed in the 
lower as in the upper limbs. Moreover, due to the high incidence of menstrual 
dysfunction associated with dance training, particularly in disciplines such as ballet [24, 
59], a net negative effect could result. Indeed healthy athletes have been shown to have 
better than average BMD, but amenorrhoeic athletes have been shown to have vertebral 
BMD some 9-31% lower than eumenorrhoeic ones [72,73]. Part of this thesis (Chapter 5 
and 6) will examine whether such findings will occur in dancers as well. 
1.10. Rate of Interval changes in Bone Mineral Density in exercising and non-
exercising young women 
In adults the mass of bony tissue present and bone mineral density at any time is a net 
result of the amount achieved at maturity and that lost with aging. The bone mass 
acquired at the end of the growth period is a major determinant of the bone mineral 
density in later life, and is thus pivotal in dictating the risks of osteoporosis and fractures. 
Puberty and late adolescence is a critical period in the acquisition of bone mass, and has a 
direct impact on the final peak bone mass achieved for that individual. The 
responsiveness to either an increase or decrease in mechanical strain is probably greater 
in growing bones in adolescents than in adults [74], so that weight bearing exercises 
should have an important impact on stimulating bone accrual in strategic weight bearing 
sites [50，75]. While most cross-sectional data support the benefits of exercise in children 
and adolescents, these findings were not consistent in all longitudinal studies relating 
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bone mass to physical activity [76,77]. There is also doubt as to the extent the greater 
areal BMD gains in response to exercise could be translated into a commensurate 
increase in volumetric BMD increase or an increase in bone strength [78]. It is thus of 
relevance in this thesis to evaluate whether the physical exercises of dance training will 
still exert a positive influence on bone accrual in these young women, and whether such 
an effect is altered by the occurrence of menstrual dysfunction. The fourth section of the 
investigations (Chapter 7) will examine this aspect using longitudinal data. 
1.10. Summary 
The evidence from the literature confirmed the negative effects of menstrual dysfunction 
in the form of amenorrhoea and oligomenorrhoea on bone mineral density in young 
women. As polycystic ovary syndrome appear to affect BMD differently in comparison 
to hypothalamic menstrual dysfunction, a distinction need to be made between the two 
categories. On the other hand, the positive effects of physical exercises on BMD have 
been clearly shown, particularly in major weight bearing sites as the hip or lumbar spine. 
The athletic triad syndrome with its manifestations of menstrual dysfunction in the form 
of oligo/amenorrhoea, has been associated with various degrees of osteopenia or 
osteoporosis and their associated pathology. Dance exercises are associated with high 
incidences of menstrual dysfunction and fit well into the athlete triad syndrome. On the 
other hand, dance involves intensive weight bearing exercises that is documented to have 
a positive effect on bone density. These contrasting factors enable dance students to be a 
good model to study the interacting effects of these forces. 
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Chapter 2 
Assessment of Bone Mineral Density in Young Females - a review 
2.1 Epidemiology of BMD measurements in young females 
The World Health Organization has defined three categories of BMD values, recognizing 
that low bone mineral density and a history of previous fractures both contribute to 
increased risk of future fractures [79,80]: • 
- l o w bone mass or osteopenia, defined as BMD values between 1.0 and 2.5 SD 
below the mean for young healthy adults (aged 30-40 years). Persons with 
osteopenia currently have a moderate risk of fractures but deserve watchful 
monitoring and possibly treatment to ensure that subsequent bone loss does not 
increase their risk dramatically 
-Os teoporos i s , defined as BMD values more than 2.5 SD below the mean for 
young adults. These people have not yet had fractures, but are already at high risk, 
warranting immediate attention 
- S e v e r e (established) osteoporosis, with low BMD (more than 2.5 SD below the 
mean for young adults) plus history of nonviolent fracture. These patients require 
treatments designed to increase bone density and prevent subsequent loss, to 
reduce their already high risk of fractures. 
Nevertheless, these categories are somewhat misleading in that fracture risk is a 
continuum. In addition, the WHO criteria are intended to be applied to postmenopausal 
women and not to premenopausal females, so that in this age group, Z scores should be 
preferable to T scores. In addition, a low BMD in premenopausal women may represent a 
low peak bone mass rather than bone loss. Healthy pre-menopausal women with low 
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bone mass may not have any higher fracture risk than their counterparts with normal bone 
mass, though their fracture risk would be expected to be higher as they entered their 
menopause with a lower BMD value [81]. 
There is a wide variation in bone density between individuals, corresponding to 
differences in fracture risk of at least 10-15 times at a given age, while wide variations in 
bone loss rates can also exist between individuals, so that some can have stable bone 
density over a decade in mid life, while others can be losing up to 25% during the same 
period of time [82]. While most studies reported that the rate of decline in BMD is most 
rapid (approximately 2-3% per year) after the menopause, declines among healthy pre-
menopausal women have been observed particularly when accentuated by ovulatory 
disturbance [83,84]. Using the WHO criterion, only 0.6% of all pre-menopausal females 
would be classified as having osteoporosis. However, approximately 15% of young 
women would be classified with osteopenia (between 1.0 and 2.5 SD below the mean for 
30-40 years of age). The typical menopause-related bone loss would cause many of these 
women to sink into the high-risk osteoporotic category if their bone loss proceeded at the 
expected trend and rate [85]. It is in the context of this background that young females 
with or without menstrual dysfunction are studied in this thesis to evaluate the impact of 
this on their BMD values, which could have a crucial impact on the incidence of 
osteoporosis in their later life. 
2.2.Single and dual energy X-ray absorptiometry 
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There has been an increasing demand from patients and medical practitioners to provide 
for the detection, assessment and management of osteoporosis or associated disorders. 
Thus the ability to assess bone mineral density precisely becomes a crucial issue. 
Estimation of spinal bone mineral content from bone density on conventional radiographs 
is insensitive and inaccurate, since the subjective assessment is influenced by 
radiographic exposure factors, patient size and film processing techniques. The need for 
objective, non-invasive methods of bone densitometry that is convenient, inexpensive and 
involves a minimal exposure to ionizing radiation is answered by the use of various 
radiological techniques. Single photon absorptiometry was initially used for 
measurements in the appendicular skeleton. Subsequent dual -photon absorptiometry was 
developed for application to sites in the axial skeleton. These techniques have then been 
superseded by single-energy X-ray absorptiometry and dual-energy X-ray absorptiometry 
(DXA). DXA is now established as the state-of-the art technology for non-invasive 
determination of bone density. Clinical usefulness of DXA stems from its role in the 
diagnosis of osteoporosis and assessing fracture risk and monitoring treatment. Because 
measurement of BMD is the only method of diagnosing osteoporosis in the asymptomatic 
person, DXA scans have been widely used in high-risk groups. As BMD is the best 
predictor of fracture risk, DXA scans have been widely used for this purpose. Since the 
first available DXA scan was introduced in 1987，various advancements in technology 
have taken place. Much has been published on the precision of the DXA in various 
anatomical sites. The precision for measurements of the spine is 0.5% to 2.0%, but 
usually better than 1%; for the proximal femur between 1-5%, being better in the neck 
and trochanter area (1-2%) than in the Ward's area (2.5 to 5%)[85, 86]. The Ward's 
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triangle may be more sensitive to changes in BMD since it contains a relatively higher 
proportion of trabecular bone than other sites in the proximal femur, but the small area 
sampled and repositioning errors may result in inferior precision, limiting it use in 
clinical practice [87]. Precision ofDXA is not affected by changes in the anteroposterior 
thickness or diameter of patients over a wide range, except when they are very obese 
(AP diameter greater than 28 cm) or in children, in whom additional soft tissue 
equivalent tissue needs to be added [86]. Results of measurements are generally provided 
as bone mineral content (BMC) in g/cm, and BMD as g/cm^. Since the absorptiometry 
image is two dimensional, the BMD measurement is an areal rather than true volumetric 
density. The coefficient of variation for spine and hip BMD measurements is often 
quoted as 1%, though this could be an idealized figure. In practice, the long term 
precision error measured over months or years would be around 1.6% for the spine and 
total hip BMD, thereby producing a figure of 4.5% for the least minimal significant 
change [88]. On the other hand, the lumbar spine is the most common site employed or 
repeated measurement to assess the response to treatment. Since it is unlikely that such a 
significant change in BMD will be detectable in less than two years, BMD scans are 
normally not repeated more frequently than every two years. 
Recently, portable DXA scanners that are dedicated to the measurement of bone mineral 
density in the forearm and heel have increased in popularity. The advantages of these 
devices in comparison for table DXA scans of the lumbar spine and hip include 
portability and lower cost without significantly compromising the ability to estimate the 
risk of fractures. The disadvantages include a slightly higher radiation dosage, and that 
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measurement of a single skeletal site may lead to misdiagnosis of patients with early 
disease who may be normal at one skeletal site and osteoporotic/osteopenic at another 
site. In addition, such measurements are also size dependent, which is a particular 
problem in children, or adults of particular small stature. Nevertheless, the measurements 
are highly reproducible with a 1% coefficient of variation in the distal site and 2.5% in 
the ultra-distal site [89]. Throughout this thesis, DXA was applied to the axial skeleton 
to measure BMD of the hips and the lumbar spine, while peripheral DXA was not 
employed at all. 
2.3. Peripheral Quantitative Computerized Tomography 
Access to measurement of bone density by absorptiometry has been limited to planar 
information due to its ability to deliver only projection of the bones under study. 
Attempts to develop a scanner capable of three-dimensional evaluation of bones were 
made since the late sixties. Progressive models shifted from photon source to X-ray 
tubes and from single slice to multi-slice high spatial resolution machines. Standard 
central QCT can theoretically be performed with any CT system, though a calibration 
phantom is required and dedicated software programmes improves the precision of the 
examination. QCT allows a true densitometric, volumetric measurement (in mg/cm^) of 
trabecular bone, in contrast to the areal BMD values of DXA, which includes both 
trabecular and cortical elements. Because the trabecular bone has a substantially higher 
metabolic turnover, it is more sensitive to changes in BMD (annual rate of bone loss in 
QCT 2-4% versus 1% in DXA of spine in postmenopausal women) [90]. On the other 
hand, the precision of QCT is lower than DXA (1.5%-4% versus 1%)，and significant 
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longitudinal changes must be larger (6-11% versus 3-4%). A great advantage of QCT is 
that it is not as susceptible to degenerative changes of the spine as DXA in older subjects. 
However, because of the expense in setting up central QCT facilities, this has not been a 
popular approach for axial skeletal BMD measurements and is unlikely to replace DXA 
measurements. 
Dedicated peripheral QCT scanners have been developed to assess the BMD of the distal 
radius or tibia. These scanners have a low radiation dose and a high precision with a short 
examination time. The advantages of pQCT versus peripheral DXA include high 
accuracy, differentiation between cortical and trabecular bone and the generation of 
images which offer additional diagnostic information. The use of pQCT systems allows 
easier accessibility and lower set-up costs as compared to central QCT systems. These 
also have the potential to be widely used for prediction of osteoporosis or fracture risks. 
However, population specific or age specific normograms have yet to be established for 
many pQCT scanning systems. 
In the studies carried out in this thesis, measurement of BMD in the axial skeleton was 
done using conventional DXA as this remains the most established and accessible method. 
The radiation exposure is low and justifies its use for research purposes in voluntary 
subjects. Moreover, to give additional data on the BMD of the appendicular skeleton, 
pQCT measurements of the distal radius and tibia were also employed. This additional 
modality of assessment allows for differential study of trabecular and cortical elements in 
the limbs, and would help to give a more comprehensive picture of BMD in the subjects 
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studied. The radiation dosage of pQCT is extremely low, and the scanning time very 
short, justifying its use for the asymptomatic subjects investigated in these studies. 
2.4. Biochemical markers of Bone turnover 
The bone turnover (remodelling) cycle is characterized by two opposite but finely 
coupled processes - bone formation and resorption. Most metabolic bone diseases, 
including osteoporosis, are the consequence of an unbalanced bone turnover. 
Biochemical tests and blood or urine samples, which mirror the ongoing bone 
remodelling processes, are quantitatively measurable to assess the rate of bone turnover. 
These biochemical markers are based on the measurement of either an enzymatic activity 
characteristic of the bone forming or resorting cells, such as alkaline and acid 
phosphatase, or bone matrix components released into the circulation during bone 
apposition or resorption. Markers of bone formation include serum alkaline phosphatase, 
serum osteocalcin such as serum type I collagen propeptides, C-terminal propeptide or N-
terminal propeptide. Markers of bone resorption are urine hydroxyproline, serum tartarte-
resistant acid phosphatase, urine hydroxylysine glycosides, pyridinoline cross-links such 
as urine N-terminal-to-helix-cross links, urine C-terminal-to-helix cross links, and serum 
C-terminal-to-helix cross links [91,92]. As the coupling between bone formation and 
resorption is maintained in most pathological conditions, whenever bone turnover is 
increased, both processes are accelerated and thus markers of both phases are increased. 
In practice, one must also bear in mind the limitations of using biochemical markers of 
bone turnover. Just as in bone histomorphometry studies that provide information on a 
limited area of bone tissue, the biochemical markers cannot distinguish between focal 
bone diseases with very high bone turnover or systemic conditions. These markers also 
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cannot provide quantitative assessment of bone resorption or formation rates. The 
unequal specificity or sensitivity and ranges of each marker preclude any such 
quantitative comparisons. Finally, circulating levels of these markers can be further 
influenced by factors other than bone turnover. In the studies performed in this thesis, no 
attempt was made to make use of biochemical markers of bone turnover. Instead, 
radiological methods were employed. 
2.5. Other methods of assessment of bone density 
Quantitative ultrasound measurements of various bone sites, including the os calcis, the 
metacarpals, the tibia have been extensively studied and have shown to correlate well 
with other BMD assessment methods. The underlying basis of this method is the 
attenuation of sound waves as they pass through bone and the time taken for a sound 
wave to propagate through bone. Ultrasound methods are attractive for the assessment of 
osteoporosis because the cost of the equipment is low, there is no ionizing radiation and 
the equipment is portable. Such systems have been employed locally in the study of 
BMD changes in pregnant women and have been shown to be reliable in demonstrating 
serial changes [93]. 
Other modalities of assessment include MR imaging, which provided three-dimensional, 
non-invasive imaging capabilities to diagnose osteoporotic vertebral fractures as well as 
quantification of trabecular bone architecture and hence its biomechanical properties. In 
addition, radiographic assessment of trabecular bone architecture, both as planar model or 
as three-dimensional model, has also recently been intensively studied. All these newer 
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modalities aim to extend knowledge in the area of bone biology and biomechanics. 
However, as these methods have not gained wide accessibility at the present time, they 
will not be discussed further in this thesis. 
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Chapter 3. Objectives of the study 
3.1 The areas covered by the thesis 
The studies conducted in this thesis focused on the interactions between the presumed 
detrimental effects of exercise induced menstrual dysfunction on bone mass and BMD, 
and the benefits of the weight bearing exercise on bone mass. Collegiate dancers have 
been recruited as a model to investigate the effects of intensive physical training. A 
control group of non-exercising young women with menstrual dysfunction in a similar 
pattern of amenorrhoea and oligomenorrhoea was recruited. As this control group could 
be further subdivided into those with hypothalamic-pituitary menstrual dysfunction and 
those with polycystic ovaries, further independent comparisons between these two groups 
was also carried out. As a result, the presentation of the methods, results and discussions 
will be divided into four sections. The main research design in all four sections is 
basically an observational study to compare BMD differences in cohorts of adolescents 
and young women of comparable age with different characteristics with respect to the 
presence or absence of menstrual dysfunction in the form of amenorrhoea or 
oligomenorrhoea, the cause of the menstrual dysfunction (hypothalamic or polycystic 
ovaries), and whether they are undergoing regular intensive physical training and 
exercises. No attempt has been made in this thesis to investigate the effects of therapeutic 
measures such as treatment with oral contraceptives or other combinations of oestrogens 
or progestogens, dietary supplementation with calcium or Vitamin D, or weight or 
exercise intensity modification. With respect to menstrual dysfunction, only subjects 
with amenorrhoea or oligomenorrhoea as a result of functional hypothalamic-pituitary 
cause, or those with polycystic ovarian syndrome were included. All subjects with other 
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identifiable organic causes such as thyroid disorders, hyperprolactinemia, other endocrine 
pathology, or genital tract obstruction or pathology were excluded from recruitment and 
would not be investigated. Both cross-sectional data and longitudinal data were used for 
comparison and analysis. A certain degree of overlapping of data was allowed between 
the different sections of the thesis when sorting cases for analyses under each project or 
subgroup, as long as the individual data fitted into the selection criteria for the 
comparison under consideration. 
3.2 The research issue 
Is intensive exercise and physical training in late adolescence beneficial or detrimental 
to bone mass as compared to non-exercising young women, and is this affected by their 
menstrual status? 
3.3. Objectives of the studies 
The detailed background consideration and objectives of study for each section is 
delineated as follows: 
3.3.1. Comparison of bone mineral density differences in adolescents with 
oligomenorrhoea and amenorrhea with polycystic ovaries and those with normal 
ovaries 
The objective of this part of the study is to assess the impact of menstrual dysfunction in 
the form of oligomenorrhoea and amenorrhea on the mean bone density in the axial and 
appendicular skeleton in adolescent girls. The study was designed to evaluate whether the 
diagnosis of polycystic ovaries had any impact on bone mineral density from this early 
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stage of peak bone mass accrual, using normal eumenorrhoeic adolescents as controls. 
This part of the study helped to define using the group of young women with 
oligo/amenorrhoea due to hypothalamic dysfunction as controls when comparing with the 
study group with menstrual dysfunction. 
3.3.2. Bone Mineral Density Changes in Collegiate Dance Students — the impact of 
menstrual dysfunction 
The objective of this section is to assess the impact of menstrual dysfunction on the mean 
bone density in the axial and appendicular skeleton in these young dancers to verify 
whether prolonged oligo/amenorrhoea induced by intensive dance training could be 
associated with lower bone mineral density as compared to those who remained 
eumenorrhoeic. 
3.3.3. Bone Mineral Density Differences between young dancers and non-exercising 
young women 
The objective of this part of the study is to verify whether young dancers as a whole have 
higher BMD values as compared to non-exercising young females of the same age. In 
addition, dancers with menstrual dysfunction and eumenorrhoeic dancers are compared 
with eumenorrhoeic non-exercising controls to evaluate the impact of menstrual 
dysfunction on BMD in these dancers. 
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3.3.4. Rate of Interval changes in Bone Mineral Density in exercising and non-
exercising young women 
The objective of this part of the study aims at investigating the effect of intensive dance 
training on axial and appendicular BMD in a longitudinal cohort of young female dance 
students in their late teens, and to compare such changes with a group of non-exercising 
controls of comparable age. An attempt was also made to look at the differences in 
interval BMD changes between those that remained eumenorrhoeic during the training 
period and those that developed oligo/amenorrhoea. 
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Chapter 4. 
A comparison of bone mineral density in adolescents with polycystic 
ovaries and normal ovaries 
4.1. Abstract 
Objective: To evaluate whether the presence of polycystic ovaries in adolescent girls as a 
cause of oligomenorrhoea and amenorrhea would pose any protective effect against 
osteoporosis or low bone mineral density as compared to others with similar menstrual 
dysfunction with normal ovaries. The purpose of this part of the investigations is to 
delineate a control group with menstrual dysfunction in the form of oligo/amenorrhoea 
with homogenous hypo-oestrogenism due to hypothalamic causes. 
Methods: A cross-sectional observational study was done in consecutive girls between 
16 to 19 years of age presenting to the Adolescent Gynaecology Clinic with 
oligomenorrhoea or amenorrhea. All patients underwent full hormonal profile assessment, 
pelvic ultrasound for ovarian morphology, bio-impedance estimation of body fat, and 
dual energy X-ray absorptiometry (DXA) and quantitative peripheral computed 
tomography scans (pQCT) to determine bone mineral density (BMD) in the axial and 
appendicular skeletal sites. Polycystic ovaries (PCO) were diagnosed according to 
ultrasound morphology. These were then compared to an age matched eumenorrhoeic 
control group that has undergone the same evaluation. 
Results: Of forty-five patients with oligomenorrhoea or amenorrhea, 15 (33%) were 
diagnosed to have PCO, while the other 30 had normal ovaries. The control group 
consisted of 45 age-matched eumenorrhoeic girls. The normal ovaries group had lower 
BMD at the lumbar spine and hip, as well as lower total tibial volumetric BMD as 
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compared to eumenorrhoeic controls, but there were no significant differences between 
the PCO group and eumenorrhoeic controls. 
Conclusion: Adolescents with oligomenorrhoea and amenorrhoea with normal ovaries 
had lower BMD than eumenorrhoeic ones, but those with polycystic ovaries had BMD 
values comparable to eumenorrhoeic controls despite their menstrual dysfunction. The 
group with menstrual dysfunction and normal ovaries should more typically represent the 
effects of hypo-oestrogenism as a result of chronic anovulation. They should be used as 
controls to compare with dancers with the same pattern of menstrual dysfunction. 
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4.2. Background 
Menstrual dysfunction has been shown to occur commonly in adolescents [1]. While 
oligomenorrhoea and secondary amenorrhoea were common manifestations in 
adolescents with hypothalamic or pituitary dysfunction, which in turn could be idiopathic, 
perhaps related to an immature hypothalamic pituitary ovarian axis [23], or could be the 
sequalae of intensive physical exercise [24,25], eating disorders [8，9] and low body fat . 
composition [27]. However, similar patterns of menstrual dysfunction can result from 
anovulation related to polycystic ovaries [21]. 
Prolonged estrogen deficiency similar to the menopausal state in young females has been 
well documented to be associated with osteoporosis [28,29, 94], so that young females 
with persistent menstrual dysfunction had a higher risk of stress fractures. The period of 
late adolescence to the early thirties is the period when peak bone mass is achieved. 
When menstrual dysfunction starts to manifest in adolescence, the associated endocrine 
disturbance may affect the level of peak bone mass that can eventually be attained [50]. 
Thus, the presence of menstrual dysfunction, from adolescence can be a significant factor 
relating to subsequent osteoporosis in these individuals in later life. However, previous 
studies on post-adolescent women with secondary amenorrhoea showed that polycystic 
ovarian syndrome (PCOS) might have a protective effect on bone mineral loss compared 
to those with no polycystic ovaries [30]. In particular, those with polycystic ovaries were 
found to be more oestrogenized as compared to non-PCOS women, implying that PCOS 
patients with menstrual dysfunction might not suffer the same degree of hypo-
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oestrogenism. However, in this study data was available only for the lumbar spine but not 
other bone sites. 
The objective of this part of the investigations was to assess the impact of menstrual 
dysfunction in the form of oligomenorrhoea and amenorrhoea on the mean bone density 
in the axial and appendicular skeleton in adolescent girls, and whether the diagnosis of 
polycystic ovaries had any impact on bone mineral density from this very early stage of 
peak bone mass accrual. Normal eumenorrheic adolescents would be used as controls. In 
order to evaluate any differences in different bone sites, both areal bone density of the 
axial skeleton and volumetric bone density of the appendicular skeleton were measured.. 
4.3. Methods 
Consecutive patients attending the Adolescent Gynaecology Clinic of a general district 
hospital (United Christian Hospital) over a study period of 9 months were recruited. The 
hospital served a local population of around 0.6 to 0.7 million and the Adolescent clinic 
received referrals from general practitioners, pediatricians and school clinics. Those aged 
between 16 to 19 inclusive presenting with secondary amenorrhoea or oligomenorrhoea 
were recruited into the study group. Secondary amenorrhoea was defined as no 
menstruation for over 90 days for any period of time over the reported six months before 
presenting to the clinic, oligomenorrhoea was defined as mean cycle lengths of 43 to 90 
days irrespective of the amount of flow in the past 6 months, and eumenorrhoea was 
defined as cycles between 25 to 42 days, in accordance with the author's previous study 
protocols [27’ 95]. The diagnosis of polycystic ovaries was based on the presence of 
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oligomenorrhoea or amenorrhoea together with ultrasound features of polycystic ovaries, 
in accordance with the new Rotterdam consensus on the diagnostic criteria of polycystic 
ovarian syndrome [96]. 
The controls consisted of age-matched patients who presented at the clinic for non-
menstrual cycle related problems, including dysmenorrhoea, vaginal discharge or other 
general gynecological complaints. Patients with known osteoporotic problems or 
musculoskeletal abnormalities such as motor deficits with cerebral palsy were excluded. 
Patients with significant medical disorders or those who were on long-term hormonal 
treatment that might affect bone density, such as steroids for asthma, or oral combined 
pills for menstrual regulation, were also excluded. Pregnancy was excluded in all the 
subjects. The project was approved of by the Ethics Committee of the hospital and all 
subjects were asked to complete a written consent. Countersignature from their parents or 
guardians was obtained when available. 
All recruited patients were instructed to fill in a structured questionnaire that was 
designed to collect data on their detailed menstrual function, drug history, dietary patterns, 
and the amount of exercise or physical training that they were currently undertaking. The 
physical evaluation included basic weight and height, and estimation of their body fat 
composition using bioelectrical impedance analysis method by means of a Tanita Body 
Fat Analyzer TBF 501 (Tanita, Japan). Blood was taken from each subject to perform a 
hormonal profile, which included basal FSH, LH, prolactin and total testosterone levels. 
Care was taken to have blood samples taken within the first week from their last 
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menstrual period, except for those with oligomenorrhoea or amenorrhoea when the blood 
was taken at random, but not within 2 weeks before or after menses. 
The bone mineral density of the anterior-posterior lumbar spine (L2 to L4) and proximal 
femur including the femoral neck, greater trochanter, and the Ward's triangle were 
measured using dual energy X-ray absorptiometry (DXA) utilizing the Norland XR26 
Mark II system (Norland Medical System Inc, WI, USA). Absolute BMD values were 
used in the subsequent analysis. Quality control scans of the system were performed daily 
with a manufacturer-supplied anthropometric spine phantom. Values were expressed as 
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g/cm . The non-dominant distal radius and bilateral distal tibia were measured with the 
Densiscan 2000，a high precision multi-slice peripheral quantitative computerized 
tomography (pQCT) system (Scano Medical, Zurich, Switzerland) with an effective X-
ray energy of 40 keV and a local radiation dose of less than 50uSv for a four-slice 
screening program. A standard Institute for Biomedical Engineering (ETH/UNI, Zurich) 
phantom measurement was performed daily for quality control. The forearm or lower 
legs were positioned in a radiolucent anatomically fitting splint during the pQCT 
scanning. After displaying an anterior-posterior projection scout view, a reference line 
was set perpendicular to the long axis of the limb and fixed on the middle point of the end 
plate of the distal radius or tibia. A four-slice screening program was employed, with the 
first distal slice starting at 7 mm from the reference line, and three further slices made 
proximal to the first slice at an interval of 4.5 mm between each slice, with a slice 
thickness of 1 mm each. The average volumetric BMD of the trabecular bone in a core 
volume (central 50% of the total bone area) and total BMD of both the cortical and 
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trabecular bone within the bone volume were measured for statistical analysis. All values 
were expressed as (mg/cm^). Total cross sectional area and mean cortical thickness of the 
radius or tibia were calculated from the mean of the most proximal slice taken using 
manual graphics together with a computer programme. 
An abdominal ultrasound scan was performed for all subjects with oligo/amenorrhoea. 
The criteria used for the diagnosis of PCO was in accordance with the new criteria [96, 
97], which required the presence of 12 or more follicles measuring 2-9 mm in diameter 
and/or increased ovarian volume >10 cm^. All scans were performed with an ATL 3000 
machine with full bladder via the transabdominal route (ATL, Bothwell, USA). 
Statistical analysis was performed using the student's t test and Mann Whitney U tests for 
continuous variables when appropriate. A p-value of <0.05 was considered significant. 
Data were analyzed using the SPSS version 10.0 (SPSS, Chicago, IL, USA). 
4.4. Results 
Of forty-five patients with oligomenorrhoea or amenorrhoea, 15 (33%) were diagnosed to 
have polycystic ovaries (PCO), while the other 30 had normal ovaries (NO). The control 
group consisted of 45 age-matched eumenorrhoeic girls. Prolactin levels and thyroid 
functions were within normal range in all the subjects, so that hyperprolactinemia was not 
a cause of oligo/amenorrhoea in any of the recruited subjects. There were no significant 
differences in the mean age, age of menarche between the PCO group, the NO group and 
the eumenorrheic controls. The PCO group was shorter with significantly higher body 
mass index (23.3 kg/m^Vs 20.8, p =0.045) and total body fat percentage (32.3% Vs 26.4 
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o/o，p =0.016), as well as higher LH/FSH ratio (2.84 Vs 1.61, p =0.002) as compared to 
the controls. Such differences were not present when the NO group was compared with 
eumenorrhoeic controls (Table 4.1). 
The mean BMD for the lumbar spine, hip as well as the volumetric bone density of the 
distal radius and tibia did not differ significantly between the PCO group and 
eumenorrheic controls, The NO oligo/amenorrhoeic group, however, had significantly 
lower lumbar spine (0.881 g/cm^ Vs 0.946, p = 0.002) and hip BMD values (neck of 
femur 0.821 g/cm^ Vs 0.88, p = 0.05; Ward's triangle 0.686 g/cm^ Vs 0.732, p = 0.01; 
trochanteric 0.655 g/cm^ Vs 0.699, p=0.007) as well as lower distal tibial volumetric 
BMD (cortical + trabecular)(510 mg/cm^ Vs 550, p = 0.013) compared to eumenorrhoeic 
controls(Table 4.2). There were no significant differences in the mean radial or tibial 
cortical bone thickness or in the total radial or tibial cross-sectional area across the three 
groups, implying no significant differences in bone size in the three groups (Table 4.2). 
Further comparison between the PCO and NO group showed that the PCO group had 
higher body mass index (23.3 kg/cm^ Vs 20.2, p=0.025) higher body fat percentage 
(32.3 Vs 25.1%，p = 0.010) and higher LH/FSH ratios (2.84 Vs 1.30，p =<0.001) (Table 
4.1), but no significant differences could be shown in the BMD values at the various sites 
between these two groups of oligo/amenorrhoeic young females, probably because of the 
small sample size. Retrospective power estimation showed that a comparison of the 
lumbar spine BMD values between the PCO and NO group had 47% power to detect a 
significant difference. Assuming the same standard deviations and mean differences 
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between the two groups, increasing the total sample size from 45 to 60 would already 
raise the power to 80%, and a significant difference would more likely be detected. 
4.5. Discussion 
Postmenopausal states with hypo-oestrogenism have long been shown to be associated 
with increased risks of osteoporosis. In pre-menopausal females, hypo-estrogenic states 
have also been associated with lower BMD and risks of osteoporosis, as demonstrated in 
females suffering from gonadal dysgenesis [29], anorexia nervosa [31] or in those with 
exercise induced chronic anovulation [8,94]. The data from the group with 
oligo/amenorrhoea with normal ovaries presented in this study were consistent with these 
observations that young females suffering from oligo/amenorrhoea could be associated 
with lower BMD values. 
The causes of oligo/amenorrhoea in young females are obviously heterogeneous. 
Polycystic ovarian disease has been shown to be one of the most common causes for such 
menstrual dysfiinction [98]. Using ultrasound criteria, polycystic ovarian syndrome has 
been shown to account for 57% of women with anovulation, and definite associations 
have been shown between ultrasound appearance of polycystic ovaries, cycle 
irregularities and hormonal derangements [99]. Typically, women with PCOS have 
acyclical production of oestradial at levels similar to those seen in follicular phase, but 
considerably lower than the mean concentration across the normal menstrual cycle of 
normal menstruating women [100]. This static level of oestradiol, with the absence of the 
•estradiol surge associated with ovulation, would be expected to negatively affect bone 
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density. Testosterone and androstenedione, however, are produced in excess by the PCOS 
ovary and the adrenals, and the chronic elevation in androgens may exert a positive 
influence on bone in PCOS women [101]. Moreover, elevated circulating insulin levels 
associated with PCOS may also offer some positive influence on bone through direct 
stimulation of osteoblastic activity, or indirectly via its effect on sex hormone-binding 
globulin or insulin-like growth factor binding proteins [101,102]. A direct relationship 
between BMD and insulin levels and insulin resistance has been shown in a small series 
[103], and in some women with severe insulin resistance, over-growth of bone and 
features of acromegaly have been reported [104]. As these factors of hyperandrogenemia 
and hyperinsulinemia will not be at work in those with hypothalamic pituitary 
anovulation and hypo-oestrogenism, it was thus suggested that females with PCOS may 
not suffer the same degree of BMD loss as compared to those with hypothalamic causes. 
The data presented here appeared to be consistent with this hypothesis, as BMD values 
were significantly lower in those with hypothalamic amenorrhoea compared to 
eumenorrheic controls even at this very early adolescent stage, while the BMD values of 
PCOS patients were comparable to the controls. However, the significance of the data 
probably lies in the fact that such differences are already demonstrable at such an early 
age, even before peak bone mass was attained in these females. While data on older 
premenopausal women who have reached their peak bone mass have also showed the 
same differences [22], the implications of such BMD differences on the risks of 
osteopenia or osteoporosis in later life could be different. Long-term follow-up of this 
cohort of women would be needed to evaluate this issue. 
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Little data were available on the use of volumetric BMD measurements to compare bone 
mass in women with polycystic ovarian disease or those without. Unlike the conventional 
two-dimensional absorptiometry techniques, volumetric bone measurements by 
quantitative CT allow assessment of bone density independent of bone size. There was 
always the suspicion that higher BMD values in women with androgen excess could be 
the result of increased bone size or thickness rather than a genuine increase in bone 
density, as in some cases of exercise induced bone hypertrophy [105]. However, in a 
study comparing volumetric bone density measurements by QCT of the lumbar spine 
among regularly menstruating women with androgen excess with that of control women 
of similar age, body size and gynecological history, it was found that BMD was still 
significantly higher in the androgen excess group as compared to controls [106]. The data 
presented here also demonstrated with direct values that the cortical thickness and mean 
cross-sectional area of these sites did not differ between those with PCOS and those 
without. In addition, as a lower total distal tibial BMD value was seen for the non-PCOS 
oligo/amenorrhoeic group, but a comparable value was observed for the PCOS group as 
compared to controls, this would support the fact that positive hormonal effects of PCOS 
on BMD also apply to appendicular sites apart from axial skeletal sites. Moreover, as the 
difference was observed only for the total tibial BMD which includes both cortical and 
trabecular bone components, and not the core tibial BMD which includes largely 
trabecular bone, this would imply that the effects of androgen excess could have direct 
effects on cortical bone as well. In a recent study of lean women with PCOS, it was 
hypothesized that androgens might influence bone mass in these women through 
androgen-mediated changes in body composition [107]. A strong correlation was 
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apparent between total and bioavailable testosterone levels and an apparent increase in 
BMD in the upper body sites, including the arms and the left ribs. Such regional 
differences in bone mass, with significantly increased BMD in the upper skeleton, may 
reflect differential androgenic influences on lean mass accretion in PCOS. Nevertheless, 
no significant difference in volumetric BMD in the distal radial sites across the different 
groups was observed in the data set here presented. 
The studies on the pathophysiology and clinical implications of PCOS have'all along 
faced the dilemma of a lack of consensual diagnostic criteria for the condition. Studies in 
the past have used endocrine parameters, ultrasound criteria or different combinations of 
these. The NIH criteria produced in 1990 have been a more widely accepted set of 
definitions since its publication [108]. The new Rotterdam consensus [29,96,97], which 
required any two conditions out of the three key elements of oligo/amenorrhoea, 
hyperandrogenism, or ultrasound confirmation of polycystic ovaries, appear to be more 
practical and logical. In the present series, it can be seen that the group classified as 
PCOS would all have at least oligo/amenorrhoea and polycystic ovaries on ultrasound, 
thus satisfying the new criteria. It must be pointed out, however, that the majority of the 
subjects in this group did not exhibit clinical hyperandrogenism, and their mean total 
testosterone levels were not significantly higher than the controls. One possible 
explanation of this observation could be the relatively normal body mass index in the 
PCOS subjects that were recruited. The absence of gross obesity amongst these subjects 
has probably contributed to ameliorate the clinical manifestations of hyperandrogenism 
[108]. 
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In conclusion, adolescents with oligomenorrhoea and amenorrhoea as a whole had lower 
bone mineral density than eumenorrhoeic ones, but those with polycystic ovaries had 
bone mineral density values comparable to eumenorrhoeic controls. Such differences are 
apparent in these young females before they have attained their peak bone mass. The 
positive "protective" effect of PCOS on BMD appears to apply to axial skeletal sites as 
well as to appendicular skeletal sites as well. The use of ultrasound and hormonal profile 
to diagnose polycystic ovaries among oligomenorrhoeic and amenorrhoeic young women 
should be essential for clinical management of this group. On the other hand, when 
comparing the effects of exercise between dance students and non-exercising young 
women, those without PCOS should constitute a more homogenous group for comparison. 
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Table 4.1. Basic anthropometric data and hormonal status between those with 
polycystic ovaries and those with normal ovaries compared to eumenorrhoeic 
controls 
I II I Vs II III I Vs III 
Eumenor NO p-value; PCOS P-value; 
rhoeic N=30 MD; 95% CI N=15 MD; 95% CI 
N=45 Mean Mean 
Mean(SD) (SD) (SD) 
Age (years) 16.9 16.8 0.61; 0.16 16.6 0.40; 0.36 
(1.36) (1.21) (-0.46 to 0.77) (1.59) (-0.49 to 1.21) 
Age of 11.9 12.6 0.14; -0.70 12.5 0.34; -0.60 
menarche (2.3) (1.45) (-1.64 to 0.24) (1.29) (-1.85 to 0.65) 
Height (cm) 158.41 157.7 0.59; 0.67 153.6 0.009; 4.74 
(5.34) (5.32) (-1.83 to 3.18) (7.24) (1.25 to 8,23) 
Weight (kg) 52.3 50.4 0.46; 1.88 55.4 0.37; -3.09 
(11.0) (10.8) (-3.26 to 7.03) (7.24) (-9.94 to 3.75) 
Body mass 20.83 20.24* 0.54; 0.58 23.39* 0.045; -2.56 
index (4.06) (4.09) (-1.33 to 2.49) (4.63) (-5.07 to -0.057) 
(kg/cm') 
% body fat by 26.48 25.1* 0.45; 1.32 32.3** 0.016; -5.84 
bioimpedance (7.29) (7.79) (-2.19 to 4.84) (9.48) (-10.54 to-1.14) 
analysis 
LH/FSH ratio 1.61 1.30# 0.24; 0.303 2.84 # 0.002;-1.23 
(1.25) (0.765) (-0.206 to 0.81) (1.29) (-1.98 to -0.47) 
Testosterone 1.45 1.47 0.16; 0.14 1.61 0.079;-0.162 
(nmol/1) (0.24) (0.22) (-0.058 to 0.33) (0.44) (-0.343 to 0.019) 
* p=0.025; MD -3.14; 95% CI -5.87 to -0.42 
** p=0.01; MD -7.16; 95% CI-12.51 to-1.82 
# p <0.001; MD -1.53; 95% CI -2.15 to -0.91 
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Table 4.2. Bone mineral density between those with polycystic ovaries and those 
with normal ovaries compared to eumenorrhoeic controls 
i n IF5I1 m I vs III 
Eumenorrheic PCOS P-value; NO p-value; 
N=45 N=15 MD; 95% CI N=30 MD; 95% CI  
Mean (SD) Mean (SD) Mean (SD)  
Lumbar spine 0.964 (0.121) 0.949 0.69; 0.014 0.881 (0.094) 0.002; 0.082; 
L2-L4 (g/cm^) (0.130) (-0.059 to 0.088) (0.030 to 0.135) 
Mean neck of 0.867 (0.099) 0.88 0.70; -0.012 0.821 (0.092) 0.05; 0.045; 
femur (g/cm^) (0.152) (-0.081 to 0.055) (0 to 0.091) 
Mean Ward's 0.754 (0.114) 0.732 0.51; 0.022 0.686 (0.099) 0.01; 0.068 
triangle (g/cm^) (0.121) (-0.46 to 0.091) (0.017 to 0.119) 
Mean 0.713 (0.097) 0.699 0.63; 0.013 0.655 0.007; 0.058 
Trochanter (0.093) (-0.043 to 0.071) (0.073) (0.016 to 0.099) 
(g/cm') 
Mean distal 261.2 (59.7) 250.2 0.53; 11 245.7 (60.3) 0.27; 15.46 
radius(core) (54.4) (-23.9 to 45.9 (-12.7 to43.6) 
(mg/cm^) 
Mean distal 602.2 (83.1) 579.8 0.35; 22.4 599.6(107.2) 0.90; 2.60 
radius (total) (75.3) (-26.0 to 71.0) (-41.3 to 46..5) 
(mg/cm^) 
Mean distal 294.5 (53.4) 294.57 0.53; 9.74 278.4 (29.6) 0.13; 16.1 
tibia (core) (53.48) (-21.3 to 40.8) (-5.24 to 37.5) 
(mg/cm^) 
Mean distal 550.1 (69.1) 543.4 0.74; 6.72 510.5 (61.5) 0.013; 39.5 
tibia (Total) (66.58) (-34.1 to 47.6) (8.45 to 70.68) 
(mg/cm^) 
Mean radial 1.524 (0.193) 1.543 0.72; -0.0191 1.583 (0.213) 0.21;-0.059 
cortical (0.153) (-0.129 to 0.090) (-0.153 to 0.035) 
thickness (mm) 
Mean total 230.91 (41.48) 222.38 0.48; 8.52 216.48(40.2) 0.63; 5.89 
radial area (36) (-15,48 to 32.54) (-18.9 TO 30.7) 
( i W ) 
Mean tibial 1.798 (0.165) 1.866 0.19;-0.0681 1.731(0.266) 0.12; 0.066 
cortical (0.196) (-0.171 to 0.035) (-0.129 to 6.26) 
thickness (mm) 
Mean total 658.60(95.8) 627.36 0.25; 31.24 663.66 0.23;-36.3 
tibial area (70.72) (-22.73 to 85.21) (104.63) (-96.84 to 24.24) 
( n W )  
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Chapter 5. The effects of Oligomenorrhoea and Amenorrhoea on 
Bone Mineral Density in Collegiate Dance Students 
5.1. Abstract 
Objective: To evaluate the impact of menstrual dysfunction in the form of 
oligomenorrhoea or amenorrhea on mean bone density in axial and appendicular skeleton 
in young dancers in a collegiate institution 
Methods: A cross-sectional observational study was performed on full time collegiate 
dance students recruited on a voluntary basis. Anthropometric data, menstrual history, 
dietary data on caloric and calcium intake were collected via standard examinations and 
structured questionnaires. Bone mineral density measurements were made utilizing dual 
energy X-ray absorptiometry for the lumbar spine and bilateral hips, and quantitative 
peripheral computerized tomography scans for the distal radius of the non-dominant hand, 
and bilateral distal tibia. Body fat composition estimation was made by bioimpedance 
analysis, and a hormonal profile was also performed. 
Results: Of a total of 75 subjects, 62 (82.6%) were eumenorrhoeic and 13 (17.3%) were 
oligo/amenorrhoeic. After adjusting for body weight differences, a significantly lower 
lumber spine (L2-L4) bone mineral density was found in the oligo/amenorrhoeic group 
compared to the eumenorrhoeic group (1.018 g/cm^ Vs 1.18 g/cm^, p = 0.034) as well as 
in the mean neck of femur values (0.926 g/cm^ Vs 1.046 g/cm^, p =0.021). Total tibia and 
total radius values were also significantly lower in the oligo/amenorrhoeic group as 
compared to the eumenorrhoeic group (552 mg/cm^ Vs 612 mg/cm^ for radius, p=0.038; 
537mg/cm^ Vs 576.1mg/cm^ for the mean tibia, p=0.044). 
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Conclusion: Oligo/amenorrhea in the young dancers studied appears to be associated 
with lower bone mineral density values in both the axial and appendicular skeleton. 
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5.2. Background 
As discussed in Chapter 1，in young female dancers around adolescence, the incidence of 
menstrual dysfunction in the form of oligo/amenorrhoea is high. In this group with 
menstrual dysfunction, increased incidences of scoliosis and stress fractures have been 
shown [24], suggesting that hormonal mechanisms similar to estrogen deficiency states in 
postmenopausal women that induce low bone mineral density may be the underlying 
pathology [60]. However, it has also been argued that exercise itself should protect 
against bone mineral loss, and thus be able, at least in part, to compensate for the risks of 
osteoporosis [61]. When professional dance training starts in adolescence, the occurrence 
of menstrual dysfunction may affect the level of peak bone mass that can be attained [50]. 
Thus, the presence of menstrual dysfunction can be a significant factor relating to 
subsequent osteoporosis in these individuals in later life. 
The objective of this part of the study is to assess the impact of menstrual dysfunction on 
the mean bone density in the axial and appendicular skeleton in these young dancers in 
training. The findings should verify whether a significant duration of oligo/amenorrhoea 
induced by intensive dance training could have a negative impact on bone mineral 
density in these intensively exercising young females. 
5.3. Methods 
Students from the School of Dance in a collegiate academy of performing arts were 
recruited on a voluntary basis into this study. All students were of Chinese ethnic origin, 
and all had completed at least 12 months full-time training in the institution at the time of 
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recruitment. All received intensive training in either ballet, Chinese dance, modem dance 
or musical theatre dance that led to degrees or diplomas. All subjects were assessed to be 
healthy and free of significant medical disorders as part of their school admission medical 
requirement. The project was approved of by the Review Board of the Academy. 
The evaluation consisted of a detailed structured questionnaire that collected data on 
basic epidemiological aspects, including age of menarche, training history and current 
training pattern, as well as menstrual patterns and factors that might influence menstrual , 
function. Based on their reported menstrual pattern in the previous six months, they were 
stratified into the oligo/amenorrhoeic group or eumenorrhoeic group. Amenorrhoea 
(secondary) was defined as no menstruation for over 90 days for any period of time over 
the past six months, oligomenorrhoea was defined as mean cycle lengths of 43 to 90 days 
irrespective of the amount of flow in the past 6 months, and eumenorrhoea was defined as 
cycles between 25 to 42 days. The definitions used were similar to those in the previous 
section (Chapter 4). None of the students reported cycle lengths shorter than 25 days. A 
particular question asked for the regular use of oral contraceptives or other therapeutic 
hormones for over 6 months in the past year. The questionnaire also collected data on the 
amount of exercise undertaken by these subjects, including the years of previous training, 
the total hours of training per week and the distribution of the time spent in basic 
exercises, foot work and rehearsals. They were also asked to report on other sports 
activities taken in leisure hours. 
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The physical evaluation included basic weight and height, waist and hip circumference 
measurements, and estimation of their body fat composition using bioelectrical 
impedance analysis method by means of a Tanita Body Fat Analyzer TBF 501 (Tanita, 
Japan). Blood was taken from each subject to perform a hormonal profile, which included 
basal FSH, LH, prolactin and DHEAS levels. Care was taken to have blood samples 
taken within the first week from their last menstrual period, except for those with 
oligomenorrhoea or amenorrhoea when the blood was taken at random. The dietary 
intake was assessment by three-day dietary diary. The subjects were instructed at the 
beginning by a trained dietitian on how to fill in the dietary diary. A list of foods 
commonly consumed by local population with serving portions was distributed to them 
for reference. Nutrient intake from the food items was calculated with a standard 
computerized food nutrient analysis database. The mean daily consumption of total 
calories, protein and calcium was then calculated accordingly. 
The bone mineral density of the anterior-posterior lumbar spine (L2 to L4) and proximal 
femur including the femoral neck, greater trochanter, and the Ward's triangle were 
measured using dual energy X-ray absorptiometry utilizing the Norland XR26 Mark II 
system (Norland Medical System Inc, WI, USA). Absolute BMD values were used in the 
subsequent analysis. As all subjects were undergoing intensive weight bearing exercises, 
bilateral hip measurements were performed in this study to avoid significant biases that 
could theoretically result from differential sidedness of some dancers during repeated 
hopping or leaping. Quality control scans were performed daily with a manufacturer-
supplied anthropometric spine phantom, as in the previous section of the study (Chapter 
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4). Peripheral quantitative computerized tomography (pQCT) was performed on the non-
dominant distal radius and bilateral distal tibia with the Densiscan 2000，using the same 
protocol as in the previous section (Chapter 4). The total BMD of both the cortical and 
trabecular bone within the bone volume were measured for statistical analysis. All values 
were expressed as (mg/cm ). Cross sectional area and mean cortical thickness of the 
radius or tibia were calculated from the most proximal slice. An abdominal ultrasound 
scan was performed for all subjects with oligo/amenorrhoea. The criteria used for the 
diagnosis of PCO were in accordance with the new criteria [96,97] as in the previous 
section. All scans were performed with an ATL 3000 machine with full bladder via the 
transabdominal route (ATL, Bothwell, USA). Data were analyzed using the SPSS version 
10.0 (SPSS, Chicago, IL, USA) as in the previous section. 
5.4. Results 
Out of a total of 83 students invited to participate in this study, 75 students were recruited. 
Of these, 62 (82.6%) were eumenorrhoeic and 13 (17.4%) were oligo/amenorrhoeic. 
None of the students reported use of hormonal contraception or hormonal drugs for over 
6 months. All of the dancers in the oligo/amenorrhoeic group had normal FSH/LH ratios 
and normal ovaries on ultrasound scan, thus excluding the diagnosis of polycystic ovaries. 
There was no significant difference in the mean age, the age of menarche, or the duration 
of previous dance training between the eumenorrheic and oligo/amenorrhoeic groups. 
The current intensity of their training, as reflected by the mean number of training hours 
per week, also did not differ. The oligo/amenorrhoeic group had significantly lower body 
weight, but their height, body mass index and body fat percentage, or waist to hip 
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circumference ratios did not differ from the eumenorrhoeic group (Table 5.1). The total 
caloric intake or protein intake did not differ between the two groups, but the 
eumenorrhoeic group had a lower dietary calcium intake than the oligo/amenorrhoea 
group (Table 5.1). All students had prolactin and DHEAS levels within the normal range. 
The mean LH/FSH ratio and DHEAS levels did not differ between the two groups. 
Significantly lower lumber spine (L2-L4) BMD and lower mean neck of femur BMD 
values were found in the oligo/amenorrhoeic group compared to the eumenorrhoeic 
group (Table 5.2), while the difference in mean trochanteric BMD was marginally 
significant between the two groups. The raw BMD values were then adjusted for body 
weight differences using a regression model and the comparison repeated. The difference 
in values of the adjusted lumbar spine BMD (1.018 g/cm^ Vs 1.18 g/cm^, p = 0.034) as 
well as in the mean neck of femur values (0.926 g/cm^ Vs 1.046 g/cm^, p =0.021) 
remained statistically significant (Table 5.2). 
PQCT readings of total tibia and total radius (including both cortical and trabecular bone) 
were also significantly lower in the oligo/amenorrhoeic group as compared to the 
eumenorrhoeic group (552 mg/cm^ Vs 612 mg/cm^ for radius, p=0.038; 537mg/cm^ Vs 
576 mg/cm^ for the mean tibia, p=0.044). The core tibia and core radius (which included 
predominantly tracebular bone) were lower in the oligo/amenorrhoeic group, though the 
difference was not statistically significant (Table 5.2). No significant differences were 
found in the cross sectional area and mean cortical bone thickness of the distal radius or 
distal tibia between the two groups. 
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5.5. Discussion 
The association of exercise-induced amenorrhoea and osteoporosis has been commonly 
described in the athletic triad [109]. In these women with oligo/amenorrhoea associated 
with intensive physical training, it was usually assumed that they had no underlying 
endocrine pathology apart from hypothalamic anovulation. This assumption is confirmed 
in the present data, as polycystic ovaries or other common endocrine abnormalities that 
could present as oligo/amenorrhoea were robustly excluded by hormonal profile and 
ultrasound assessment. 
Stress fractures were significantly associated with a long duration of amenorrhoea in 
athletes [110]. In dancers, delayed menarche and prolonged amenorrhea was shown to be 
associated not only with increased risks of fractures [111], but also of scoliosis in these 
young women [24]. While it is still controversial whether low bone mineral density 
associated with prolonged hypo-estrogenic states are accountable for all of these 
associations, the role of exercise in such amenorrhoeic states and the resulting impact on 
bone mineral density appears complex. A comparative study between young Chinese 
dancers and age matched non-athletic women that did not take into account menstrual 
status showed no difference in bone mineral density. The authors concluded that the 
dancers were significantly thinner than the controls and the negative effect of a lower 
bodyweight may neutralize the positive effects of the physical training, particularly in the 
femoral neck [112]. In contrast, a recent study on ballet dancers [94] has demonstrated 
significantly lower areal bone mass in young ballet dancers with exercise-associated 
amenorrhea and delayed menarche despite their intensive exercises, pointing to the 
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importance of normal hormonal function on bone mineral density in these young 
individuals, and the inability for exercises to compensate for the detrimental effects of 
menstrual dysfunction on bone mineral density. On the other hand,, when comparing 
bone mineral density in ballet dancers with aged-matched amenorrhoeic young women 
with anorexia nervosa, it has been found that weight-bearing exercise may off-set the 
effects of hypogonadism at predominantly cortical weight-bearing sites, while both non-
weight bearing sites and weight bearing sites containing substantial amounts of trabecular 
bone, such as the lumbar spine, may still be adversely affected by the hypo-oestrogenism 
[113]. The data here presented have shown consistently lower bone mineral density in the 
oligo/amenorrhoeic dancers in both the axial and appendicular skeletal sites, irrespective 
of whether the sites are weight bearing or not, the differences remaining after adjustments 
for body mass index. It appears therefore, that while exercise might have been able to 
offset some of the negative effects of hypo-oestrogenism on BMD, such protective 
effects were apparently incomplete. However, it could also be seen from the data that 
while dancers with menstrual dysfunction had lower BMD values, the actual differences 
were only marginal and that none of them would be classified as osteoporotic or even 
osteopenic by established reference ranges for our local population. 
The use of pQCT instead of radial DXA scans in this study measured volumetric BMD 
instead of areal BMD, and allowed separate assessment of cortical and trabecular BMD 
as well as the possibility of geometric measurements of cortical bone thickness. It also 
ensured that high precision data with a lower coefficient of variation could be obtained 
with lower radiation dosage. The findings of lower BMD values in the proximal femur 
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and lumbar spine confirms trabecular bone loss in the axial skeleton, as is commonly 
reported in hypo-estrogenic states. On the other hand, the findings of lower total (cortical 
and trabecular) BMD rather than core (trabecular) BMD in the appendicular skeleton 
could be akin to the situation of early bone loss in perimenopausal women, in which case 
demonstrable loss of BMD was preferentially seen in subcortical, rather than trabecular 
bone in the appendicular skeleton [114]. In the data set here presented, the 
eumenorrhoeic group and the oligo/amenorrhoeic groups were comparable in their age, 
height and estimated bone length, nor were there any significant differences in the cross 
sectional area and mean cortical thickness of both radial and tibial sites. Thus, the 
differences in total distal tibial or radial BMD that was observed are likely to be genuine 
differences in volumetric bone density, rather than due to a difference in bone size that 
was observed with other forms of exercise induced bone gain [105]. Such findings might 
help to explain the increased risks of stress fractures in cortical bone sites such as the 
metatarsals or tibia that are commonly observed in these exercising young females [115]. 
The association between oral calcium intake and osteoporosis in adolescents has also 
been controversial; a positive correlation could be demonstrated in some studies but not 
others. The data here showed a paradoxical higher calcium intake in oligo/amenorrhoeic 
dancers with lower BMD as compared to eumenorrheic counterparts, while BMD values 
were in general lower in the former group, suggesting that higher oral calcium intakes 
were unable to offset the negative effects of menstrual dysfunction on BMD. 
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The long-term implications of lower BMD in these exercising females remains 
speculative. A review of available literature showed that some dancers continue to have 
an advantage of higher BMD in later life [116], particularly when they remained 
eumenorrheic during their training, while other studies showed no difference with non-
exercising females [117]. Individual reports have suggested that treatment with 
oestrogen and progestogen containing hormones produce greater gains in BMD and 
reduce stress fracture risks, but convincing data for the value of treatment is still lacking, 
as the basic issue of the long term implications of dance training on BMD remains 
unresolved. A comparison of mean BMD values in the axial and appendicular skeleton 
between exercising and non-exercising young females with or without menstrual 
dysfunction should be the next step to elucidate the impact of intensive exercise in young 
women. This is presented in the following chapter. 
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Table 5.1. Comparison of epidemiological, anthropometric and biochemical 
characteristics between eumenorrhoeic and oligo/amenorrhoeic dance students 
Eumenorrhoeic Oligo/ p-value Mean difference (95% 
N=62 amenorrhoeic Confidence interval) 
Mean (SD) N=13 
Mean (SD)  
Age (years) 20.61(2.2) 19.8(1.19) 0.24 0.77 (-0.54 to 2.08) 
Age of menarche 12.73(1.2) 12.85(1.34) 0.74 -0.12(-0.87 toO.63) 
Cycle duration 29.4 (5.6) 54.62(12.45) <0.001 -25.21(-29.5 to -20.84) 
(days) 
Years of dance 10.18 (3.61) 8.69(3.73) 0.18 1.49(-0.72 to 3.69) 
training 
Training hours 22.61(9.14) 19.84(6.61) 0.30 2.77 (-2.56 to 8.11) 
per week 
Height (cm) 160.9 (4.87) 159.3 (4.09) 0.27 1.60 (-1.29 to 4.49) 
Weight (kg) 49.36(4.61) 46.46 (3.46) 0.036 2.89 (0.19 to 5.60) 
Body mass index 19 (1.64) 18.3 (1.1) 0.14 0.70 (-0.25 to 1.65) 
(kg/cm') 
% body fat by 18.51 (3.53) 17.52 (2.57) 0.34 0.99 (-1.07 to 3.05) 
bioimpedance . 
analysis 
Waist/hip 0.703 (0.023) 0.705 (0.026) 0.85 -0.001 
circumference (-0.019 to 0.016) 
ratio 
Calcium intake 404(174) 570 (223) 0.015 -166 
(mg) (-277 to-54.8) 
Total caloric 1629(362) 1870(348) 0.078 -240 (-509 to 28) 
intake (cal) 
Total protein 60.36(16.4) 70.5 (16.36) 0.10 -10.1 (-22.4 to 2.10) 
intake(g) 
LH/FSH ratio 1.45 (0.97) 1.75 (0.80) 0.29 -0.30 (-0.87 to 0.27) 
DHEAS (umol/1) 7.03(3.23) 6.87(1.8) 0.88 0.16 (-2.1 to 2.43) 
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Table 5.2. Comparison of bone density studies of the axial and appendicular 
skeleton between eumenorrhoeic and oligo/amenorrhoeic dance students 
Eumenorrhoeic Oligo/ p-value Mean difference 
N=62 Amenorrhoeic (95% confidence interval) 
N=13 
Mean (SD) Mean (SD)  
Lumbar spine 1.053 (0.115) 0.966 (0.099) 0.014 0.086 (0.017 to 0.154) 
(L2 to L4) (g/cm^) 
Mean neck of femur 0.978 (0.113) 0.898 (0.099) 0.022 0.080 (0 011 to 0.147) 
( g W ) 
Mean trochanter (g/cm^) 0.7780 (0.090) 0.725(0.089) 0.050 0.054 (0.001 to 0.110) 
Mean Ward triangle 0.813 (0.118) 0.764(0.119) 0.171 0.049 (-0.022 to 0.122) 
( g W ) 
Adjusted lumbar spine 1.18 (0.25) 1.018 (0.217) 0.034 0.161(0.0127 to 0.31) 
( g W ) 
Adjusted neck of femur 1.046 (0.172) 0.926 (0.138) 0.021 0.12 (-0.018 to 0.222) 
( g W ) 
Adjusted trochanter 0.871 (0.189) 0.762 (0.151) 0.055 0.109 (-0.021 to 0.22) 
(g/cm') 
Adjusted Ward triangle 0.909 (0.215) 0.803 (0.189) 0.102 0.106(-0.021 to 0.235) 
( g W ) 
Distal radius (core) 273.8 (69) 244(38.2) 0.149 28.8 (-10.6 to 68.4) 
(mg/cm^) 
Distal radius (total) 612.9 (99.2) 552.6 (58.7) 0.038 60.3 (3.3 to 117.3) 
(mg/cm^) 
Right tibia (core) 314.6(49.3) 286.3 (40.84) 0.058 28.2 (-0.97 to 57.4) 
(mg/cm^) 
Right tibia (total) 571.7 (64.7) 535.60 (38.6) 0.057 36 (-1.16 to 73.3) 
(mg/cm^) 
Left tibia (core) 313.2 (49.5) 292.6(38.5) 0.162 20.6 (-8.47 to 49.82) 
(mg/cm^) 
Left tibia (total) 580.6 (68.9) 538.3 (40.3) 0.037 42.2 (2.61 to 81.8) 
(mg/cm^) 
Mean tibia core 313.9(48.9) 289.5(38.1) 0.095 24.4 (-4.32 to 53.2) 
density(mg/cm^) 
Mean tibia total 576.1(66.3) 537(38.1) 0.044 39.1 (1.11 to 77.18) 
density (mg/cm^) 
Mean radial cortical 2.22 (0.206) 2.17(0.157) 0.383 0.053(-0.067 to 0.17) 
thickness (mm) 
Mean tibial cortical 2.37 (0.209) 2.30(0.161) 0.21 0.078(-0.044 to0.20) 
thickness (mm)  
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Chapter 6. Comparison of Bone Mineral Density in young dancers and 
non-dancing young women 
6.1. Abstract 
Objective: To compare the bone mineral density (BMD) of the axial and appendicular 
skeleton between regularly exercising collegiate dancers and age matched non-exercising 
young females between a narrow age band of 17-19 to assess the impact of weight 
bearing exercise on BMD in young females 
Methods: The dancers consisted of full time collegiate dance students from a tertiary 
Performing Arts Institute. The non-exercising controls consisted of patients between 17-
19 years presenting to the Adolescent Clinic. Those with significant medical disorders, 
known bone diseases, pregnancy or who were currently on hormones were excluded. In 
the non-exercising group, all were eumenorrhoeic and none of the girls had regular 
weight-bearing exercise of over 2 hours per week while the dancers had regular weight-
bearing exercises of at least 18 hours per week. All subjects had a foil hormonal profile, 
bio-impedance estimation of body fat, and dual energy X-ray absorptiometry (DXA) of 
the lumbar spine and hip and quantitative peripheral CT scans (pQCT) of the distal radius 
and tibia to determine bone density. 
Results: The mean age of the entire group was 18.3 years. There were 35 dancers, of 
which 28 were eumenorrheic and 7 were oligo/amenorrhoeic, and 36 non-dancing 
controls. The dancers were taller, had lower BMI, and lower body fat percentage than the 
non-dancing controls. The lumbar spine BMD was significantly higher in the 
eumenorrheic dancers as compared to controls (1.006 g/cm^ Vs 0.938，p=0.048), and the 
hip BMD values were also significantly higher (neck of femur 0.978 g/cm Vs 0.838, 
pO.OOl; Ward's triangle 0.816 g/cm^ Vs 0.720, p=0.003; trochanter 0.777 g/cm� Vs 
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0.682; p <0.001). The radial volumetric BMD did not differ between the two groups, but 
the core trabecular tibial BMD was higher in eumenorrheic dancers (321 mg/cm^ Vs 286, 
p =0.006). However, when oligo/amenorrhoeic dancers were compared to controls, such 
differences were no longer observed. 
Conclusion: Young women undergoing regular intensive weight-bearing exercises as in 
the collegiate dancers here studied have higher BMD in the axial and appendicular 
skeleton as compared to non-dancing females of similar age. The positive effects of 




Positive effects of mechanical loading via exercise on bone mineral density (BMD) have 
been well documented in humans [63-66]. In the study of dancers, however, the impact of 
menstrual dysfunction and eating disorders on bone mineral density need to be taken into 
account, as both of these factors impose a negative effect on bone mineral density. In 
elite female athletes, those that were eumenorrheic have been shown to have better than 
average BMD, but amenorrhoeic ones had vertebral BMD some 9-31 % lower than 
eumenorrhoeic ones [72,73]. For the average young dancer in training, it will be difficult 
to predict the balance of the counteracting beneficial effects of exercise and the 
detrimental effects of menstrual dysfunction on their net BMD values. 
The objective of this study is to verify whether young dancers have higher BMD values 
as compared to non-dancing young females of similar age. Dancers with menstrual 
dysfunction and eumenorrhoeic dancers are compared to evaluate the impact of menstrual 
dysfunction on BMD in these dancers. They were then compared with eumenorrhoeic 
non-dancing controls to evaluate the impact of dance training as a form of weight bearing 
exercise on BMD. Both conventional DXA as well as pQCT methods are employed in 
order to look for BMD differences at different bone sites and to allow comparison 
between areal and volumetric BMD values. 
6.3. Methods 
The subjects analyzed in this study came from two sources. The young dancers were 
recruited from students from a School of Dance in a collegiate academy of performing 
arts on a voluntary basis. All students were of Chinese ethnic origin, and all had 
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completed at least 12 months of full time training in the institution at the time of 
recruitment. Only subjects aged between 17-19 years were included. The characteristics 
of the students were similar to that of the previous section (Chapter 5). All subjects were 
assessed to be healthy and free of significant medical disorders as part of their school 
admission medical requirement. The minimal duration of dance training each dancer 
received per week, either in the form of class exercise, skills training, or rehearsals was 
18 hours per week. There were no significant differences in the mean duration of exercise 
between the different dance disciplines. The study was approved of by the Review Board 
of the Academy. The non-dancing young females were recruited from an Adolescent 
Gynaecology clinic of a general district hospital (United Christian Hospital). The control 
subjects were assessed to be free from significant medical disorders and were not on 
hormones or oral contraceptives in the past 12 months prior to recruitment. Only those 
between the age of 17-19 and categorized as eumenorrhoeic, and who had never engaged 
in full time competitive sports, nor had regular weight-bearing exercise of over 3 hours 
per week, were invited to give written consent to join in the assessment. The study of 
these subjects was approved by the local ethics committee of the hospital. 
The evaluation of both groups of subjects consisted of a detailed structured questionnaire 
that included age of menarche, training history and current training pattern if applicable, 
as well as other sports activities taken in leisure hours. For dance students, particular 
details of the amount of exercise undertaken by these subjects, including the years of 
previous training, the total hours of training per week and the distribution of the time 
spent in basic exercises, foot work and rehearsals were obtained. All subjects were asked 
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about their menstrual patterns in the past 6 months and factors that might influence 
menstrual function. Based on their reported menstrual pattern in the previous six months, 
they were stratified into the oligo/amenorrhoeic group or eumenorrhoeic group as in the 
previous two sections (Chapter 4，Chapter 5). Amenorrhoea was defined as no 
menstruation for over 90 days for any period of time over the reported six months, 
oligomenorrhoea was defined as mean cycle lengths of 43 to 90 days in the past 6 months 
irrespective of the amount of flow, and eumenorrhoea was defined as cycles between 25 
to 42 days. Again, none of the subjects reported cycle lengths shorter than 25 days. 
A physical evaluation was performed, which included weight and height, measurements, 
and the estimation of body fat composition using bioelectrical impedance analysis 
method by means of a Tanita Body Fat Analyzer TBF 501 (Tanita, Japan). Blood was 
taken from each subject.to perform a hormone profile, which included basal FSH, LH, 
prolactin and testosterone levels. Care was taken to have blood samples taken within the 
first week from their last menstrual period, except for those dance students with 
oligomenorrhoea or amenorrhoea when the blood was taken at random. 
The bone mineral density of the anterior-posterior lumbar spine (L2 to L4) and proximal 
femur including the femoral neck, greater trochanter, and the Ward's triangle were 
measured using dual energy X-ray absorptiometry utilizing the Norland XR26 Mark II 
system (Norland Medical System Inc, WI, USA), and peripheral quantitative 
computerized tomography was performed on the non-dominant distal radius and bilateral 
distal tibia with the Densiscan 2000 in accordance with the previous protocol (Chapter 4 
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and Chapter 5). Statistical analysis was performed using the SPSS version 10.0 (SPSS, 
Chicago, IL, USA) as before. 
6.4. Results 
Out of a total of 40 dancers, 35 underwent all parts of the evaluation and were included in 
the analysis. A total of 36 young females that satisfied the selection criteria were included 
as controls. All subjects were between the age of 17 and 19. Of the dancers, 7 were 
categorized as oligo/amenorrhoeic. The incidence of menstrual dysfunction amongst 
these dancers was 20%. The hormone profile in all three groups showed all had normal 
thyroid function, and prolactin and testosterone levels were within the normal range for 
their age, nor were there any differences in their mean FSH/LH ratios. Both 
eumenorrheic and oligo/amenorrhoeic dancers were significantly taller than the non-
dancing controls, and both groups had higher body mass indexes and lower body fat 
composition than controls. The eumenorrheic dancers have higher BMD values in the 
lumbar spine (1.006 g/cm^ Vs 0.938，p=0.048), and the hip BMD values were also 
significantly higher (neck of femur 0.978 g/cm^ Vs 0.838, pO.OOl; Ward's triangle 
0.816 g/cm^ Vs 0.720，p=0.003; trochanter 0.777 g/cm^ Vs 0.682; p <0.001) (Table 1). 
When oligo/amenorrhoeic dancers were compared with the controls, such differences 
were no longer observed. 
When comparing volumetric BMD values, the eumenorrheic dancers showed a 
significantly higher distal tibial trabecular BMD than the controls (321.4 g/cm^ Vs 286.5 
g/cm^, p=0.006), though there were no significant differences in the total distal tibial 
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BMD or distal radius BMD. There was also no significant difference in the mean cortical 
thickness of the distal radius or tibia between the two groups. The derived bone strength 
index values of the distal radius and the distal tibia were also significantly higher for the 
eumenorrheic dancers as compared to controls. The differences were again not observed 
when the group of oligo/amenorrhoeic dancers was compared with controls (Table 6.1). 
Further comparison between the oligo/amenorrhoeic dancers and the eumenorrheic 
dancers showed that while eumenorrheic dancers have higher BMD values in all of the 
parameters, no statistically significant differences in the BMD values could be 
demonstrated because of the small sample size involved. 
6.5. Discussion 
It is commonly accepted that weight-bearing exercise provides an osteogenic stimulus to 
bones. In the practices and exercises that our subjects in the various dance disciplines 
were undergoing, the main component of weight bearing exercises came from jumping 
up and down in support of the dancers own body weight, with a frequency that could 
reach up to once every 2 to 3 seconds. The osteogenic stimulation of such activities could 
be seen in a variety of sports, such as athletics [118], weight lifting [64], high impact 
sports such as basketball or volley ball, medium impact sports such as soccer or track 
[119]. On the contrary, this effect was not observed in sports activities that involved 
extensive energy expenditure and muscle strength but no true weight bearing, such as in 
swimming [119,120]. These observations suggest that repetitive stress applied to weight-
bearing sites over extended periods of time served as an important strengthening agent 
for bones. The findings presented here are consistent with this hypothesis, as significantly 
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higher BMD values were shown in dancers in the lumbar spine, hip sites as well as the 
distal tibia as compared to controls. On the other hand, no demonstrable differences were 
shown in the distal radius values, presumably because the upper limbs did not receive the 
same extent of such osteogenic stimulation as to the other bone sites in the axial skeleton. 
The data only detected a difference in the trabecular bone BMD of the distal tibia but not 
for the total distal tibia, which contains both cortical and trabecular elements. In addition, 
the finding of a higher bone strength index in the distal tibial site of dancers compared 
with controls could indicate that the difference in trabecular BMD at this site may 
contribute to increased bone strength. The bone strength index is a hypothetical value to 
indicate the strength of the bone and has been found to correlate well with the actual 
mechanically tested breaking force in bending of bones in animal models [69]. As the 
calculation of the bone strength index utilizes the cross-sectional radius moment, an 
alternative explanation to these findings could be a shift of the cortical bone outward 
from its axis of rotation to give a mechanical advantage, rather than an absolute gain in 
bone strength because of denser bone. Moreover, despite the absence of demonstrable 
differences in volumetric BMD values in the trabecular or cortical elements of the distal 
radius, the bone strength index was still significantly higher for dancers as compared to 
controls for the distal radius. Again this difference could represent subtle differences in 
bone architecture that lead to differences in pixel distances as measured by pQCT 
methods. Further empirical work on bone architecture and its relationship to bone 
strength may clarify this issue. 
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While the general impact of weight bearing exercises was an increase in BMD in the 
weight-bearing sites, recent studies using pQCT techniques have been able to show focal 
increases in cortical thickness and to a lesser extent increase in volumetric BMD values at 
bone sites that have undergone repeated stress and strength training, such as the mid or 
distal radius in tennis players [71，105]. This is in contrast to earlier studies using DXA 
methods of areal bone measurement [70], which suggested a true increase in BMD in 
these sites. No significant differences in the bone size or cortical thickness of the distal 
tibia or radius between the eumenorrhoeic dancers and the controls were detected. The 
inability to demonstrate any direct evidence of focal bone hypertrophy could be explained 
by the fact that the stress the dancers sustained in the repeated weight-bearing exercises 
tend to be symmetrical, while the effects of mechanical loading on a unilateral limb tend 
to be regional and surface specific [105]. 
The age at which dance training starts also appear to be crucial in determining the impact 
of the training on bone mineral accrual. A positive impact of ballet training on bone 
density in weight-bearing sites as the hips has been shown in young girls around the age 
of menarche of 10 to 12 [121]. Similarly, in pre-menarchal girls, high volume impact 
loading as in gymnastic training was associated with greater whole body and regional 
I 
body mineral density [122]. The effects of weight bearing exercise on bone gain and bone 
mineral acquisition appears to be more prominent in pre-menarchal as compared to post-
menarchal girls [123]. In this study, I have limited the comparison of subjects within a 
very narrow age band to obtain homogeneity of data and to eliminate the influence of 
pubertal maturation and the probable differences in progression of bone accrual with a 
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wider age range. The mean age of menarche in the dancers and non-dancers were 
comparable, so that all subjects were within 4 to 6 years post-menarche. However, as 
most of these girls have started their basic dance training earlier on around the age of 
menarche, it appears logical to speculate that at least part of their bone gain is from 
earlier years before they entered formal dance training. 
The detrimental effects of exercise induced menstrual dysfunction on BMD in dancers 
have been well documented in the literature [24], and oligo/amenorrhea in dancers has 
been shown to be associated with higher risks of osteopenia and related pathology [94]. 
However, when we compared the absolute BMD values of oligo/amenorrhoeic dancers 
with non-exercising controls, we found that there was a general trend that these dancers 
with menstrual dysfunction had similar BMD values as compared to eumenorrhoeic non-
dancing controls. Despite the small sample size in this group, it can be estimated that if 
their BMD values were in the osteopenic range, statistically significant differences would 
still be demonstrable when compared with the controls. As these young dancers studied 
have yet to progress professionally into elite dancers, the intensity of their training was 
still less demanding for professional dancers. Past clinical experience with these young 
dancers showed that they rapidly had return of menses during their summer vacation, or 
in less active months in between major performances. A recent study on sub-elite female 
adolescent runners also showed that despite delayed pubertal development, no 
detrimental effect on their bone accrual was seen [123]. Similarly, a longitudinal study of 
a small group of adolescent gymnasts have also shown that despite lower body fat 
composition and weight, they were able to have enhanced BMD values over a period of 
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three years as compared to controls [124]. It is apparent from such data that despite the 
intensive stress and potential risks of their training, the majority of these young women 
have been able to benefit from such activity to enhance their bone mineral density accrual 
as compared to sedentary controls of the same age. Further longitudinal studies in these 
active young women with menstrual dysfunction would provide data as to their bone 
density status in later life. 
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Table 6.1. Comparison of physical characteristics and BMD of dancers and 
eumenorrheic non-exercising young women 
I II I Vsll III I Vs III 
Eumen- Eumen- p-value; Oligo/Amen p-value; 
orrhoiec orrhoeic Mean difference orrhoeic Mean difference 
non-dancers dancers (95% CI) dancers (95% CI) 
N = 36 N=28 N=7 
Mean (SD) Mean(SD) Mean (SD) 
Age 18.3 (0.49) 18.3 0.98;-0.003 18.1 (0.69) 0.266; 0.25 
(0.79) (-0.33 to 0.32) (-0.19 to 0.69) 
Height (cm) 155 (5.27) 161 (5.03) <0.001;-6.03 160 (3.74) 0.034; -4.61 
(-8.64 to-3.43) (-8.84 to -0.37) 
Weight (kg) 49.6(7.9) 49.6 0.96; 0.083 46.2 (3.41) 0.26; 3.45 
(4.32) (-3.23 to 3.4) (-2.74 to 9.64) 
BMI (kg/m^) 20.4(3.21) 18.8 0.017; 1.66 17.9 (0.93) 0.047; 2.52 
(1.76) (0.31 to 3.01) (0.03 to 5.02) 
Body fat % 25.5 (6.01) 19.1 0.001; 6.38 18.1 (2.28) 0.003; 7.37 
(4.01) (3.74 to 9.03) (2.66 to 12) 
Age of 11.9(2.66) 12.7 0.14;-0.83 12.4(1.13) 0.65; -0.47 
Menarche (1.40) (-1.94 to 0.28) (-2.55 to 1.61) 
Mean LH/FSH 1.76(1.29) 1.50 0.41; 0.26 1.43 (0.72) 0.52; 0.32 
ratio (1.19) (-0.36 to 0.89) (-0.69 to 1.35) 
Lumbar spine 0.938(0.14) 1.006(0.1 0.048;-0.067 0.961 0.68; -0.023 
L2-L4 (g/cm^) 24) (-0.135to-0.005) (0.113) (-0.137 to 0.09) 
Mean neck of 0.838 (0.10) 0.978 <0.001;-0.139 0.896 0.17;-0.057 
femur (g/cm^) (0.125) (-0.195to -0.082) (0.098) (-0.141 to 0.026) 
Mean Ward's 0.720 0.816(0.1 0.003;-0.095 0.754 0.43; -0.034 
triangle (g/cm^) (0.102) 36) (-0.157to-0.034) (0.104) (-0.12 to 0.052) 
Mean 0.682 0.777 <0.001; - 0.094 0.734 0.19;-0.051 
Trochanter (0.093) (0.099) (-0.143 to-0.045) (0.10) (-0.131 to 0.027) 
( g W ) 
Distal 252.3 (51.2) 270.2 0.24; -17.9 251 (41.5) 0.94; 1.39 
radius(core) (71.8) (-48.6 to 12.8 to) (-40.2 to 43) 
(mg/cm^) 
Distal radius 608.7 (93.3) 603.5 0.82; 5.25 557.1 (57.5) 0.16; 51.6 
(total)(mg/cm^) (99.8) (-A3.2 to 53.7) (-22.6 to 125) 
Mean tibia 286.5 (49.5) 321.4 0.006; - 34.8 307.8 (34.6) 0.28;-21.2 
(core)(mg/cm3) (48.3) (-59.5 to-10.1) (-61 to 18.4) 
Mean tibia 539.1 (66.7) 570.9 0.061;-31.8 560.7 (35.0) 0.41;-21.6 
(TotalXmg/cm” (65.7) (-65.2 to 1.5) (-74.2 to 30.9) 
Distal radius 1.67 (0.204) 1.64 0.55; -0.028 1.58(0.19) 0.27; 0.091 
cortical (0.174) (-0.067 to 0.125) (-0.077 to 0.261) 
thickness (mm) 
Distal tibia 1.84 (0.189) 1.87 0.59; 0.031 1.86(0.064) 0.78; -0.02 
cortical (0.283) (-0.15 to 0.086) (-0.167 to 0.127) 
thickness (mm) 
Distal radius 55.3 (11.7) 62.6 0.017; 7.34 54.4(10.6) 0.86; 0.84 
cortical BSI (12.1) (-13.3 to 1.34) (-8.81 to 10.5) 
(g-cm) 
Distal tibia 324.7 (87.6) 374.2 0.011; -49.4 344.8 (47.4) 0.56; -20.0 
cortical BSI (54.9) (-87.3 to-11.5) (-89.2 to 49.2) 
(g-cm)  
No significant differences in all parameters comparing II and III 
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Chapter 7. Rate of Interval changes in Bone Mineral Density in 
exercising and non-exercising young women - an 18-month longitudinal 
comparison 
7.1. Abstract 
Object ive: To evaluate the bone mineral density (BMD) changes of the axial and 
appendicular skeleton in a group of collegiate dance students undergoing intensive 
physical training over an 18 months interval and to compare these with BMD changes in 
a group of non-exercising young females of comparable age over the same interval 
Methods: Full time collegiate dance students were recruited from a tertiary Performing 
Arts Institute. All were healthy with no significant medical diseases. All subjects had 
basic anthropometric measurements, a ftill hormonal profile, pelvic ultrasound, bio-
impedance estimation of body fat, and dual energy X-ray absorptiometry (DXA) and 
quantitative peripheral CT scans (pQCT) to determine bone density. The BMD 
measurements were then repeated 18 months after the initial assessment, and then 
compared with a group of non-exercising eumenorrhoeic controls also undergoing the 
same assessment at an 18 month interval. A further comparison within the dancers was 
the performed with correlation to their menstrual status within the 18 month period. 
Results: The mean age of the dancers (n=26) and non-excising controls (n=14) were 
comparable (18.3 Vs 18.6 years) with a range of 17-22. There was no significant 
difference in the basic anthropometric or initial BMD measurements of the axial and 
appendicular skeleton between the two groups. Comparing the interval changes at the 18-
month reassessment, the exercising group showed larger interval increments in lumbar 
spine BMD (0.0758 g/cm:) as well hip BMD values (neck of femur 0.0459 g/cm^， 
Ward's triangle 0.0368) as compared to the controls, which had minimal increments (p=< 
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0.001). When the exercising group was subdivided into those that were eumenorrhoeic 
(n=16) within the 18 month interval and those that were oligo/amenorrhoeic (n=10), the 
latter showed significantly lower core (trabecular) BMD increments in the appendicular 
skeleton than those that remained eumenorrhoeic. No significant differences were seen in 
the degree of BMD increments of the axial skeleton in these two subgroups. 
Conclusion: Young women undergoing regular intensive weight-bearing exercises as in 
the collegiate dancers here studied have higher BMD increments as compared to non-
exercising females of the same age group, indicating that intensive weight bearing 
exercises facilitate accrual of BMD at this age. The lower bone accrual at trabecular sites 
in the appendicular skeleton in oligo/amenorrhoeic dancers could be manifestations of 
chronic hypo-oestrogenism in these intensely exercising young females. 
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7.1. Background 
In dancers, intensive dance training is often associated with under-nutrition or genuine 
eating disorders due to the stringent needs for body weight control. These two elements 
are frequently associated with oligomenorrhoea and amenorrhoea to form the well 
described athlete triad syndrome [9, 125], which in turn is well known for its association 
with osteoporosis [94] and an increased risk of stress fractures. Thus, the occurrence of 
this syndrome can obviously decimate any benefits that dance exercises have on bone 
mineral density. The objective of this study aims at investigating the effect of intensive 
dance training on axial and appendicular BMD in a longitudinal cohort of young female 
dance students in their late teens, and to compare such changes with a group of non-
exercising controls of comparable age. An attempt will also be made to look at the 
differences in interval BMD changes between those that remained eumenorrhoeic during 
the training period and those that developed oligo/amenorrhoea. 
7.3. Methods 
The subjects analyzed in this study again came from two sources. The young dancers 
were recruited on a voluntary basis from full time degree or diploma students from a 
School of Dance in the Academy of Performing Arts. The characteristics of the students 
were similar to the previous sections (Chapter 4，Chapter 5 and Chapter 6). In this 
analysis, all subjects were between age 17 to 22, and again each dancer trained for a 
minimum of 18 hours per week, either in the form of class exercise, skills training, or 
rehearsals. The research on these dance students was approved of by the Review Board of 
the Academy. The non-exercising young female controls were recruited from an 
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Adolescent Gynaecology clinic in United Christian Hospital. All subjects were assessed 
to be free from significant medical disorders and were not on hormones or oral 
contraceptives in the past 6 months prior to recruitment. Only those who were of 
comparable age to the dancers, were eumenorrhoeic, and who were not engaged in full 
time competitive sports, nor had regular weight-bearing exercise of over 3 hours per 
week were included in the subsequent analysis. Written consent was obtained for all 
participants. The study of these control subjects was approved of by the local ethics 
committee of the hospital. 
The evaluation of both groups of subjects consisted of a detailed structured questionnaire 
that collected data on basic epidemiological aspects, including age of menarche, training 
history and current training pattern if applicable, as well as other sports activities taken in 
leisure hours, similar to previous sections. All subjects were asked about their menstrual 
patterns in the past 6 months and factors that might influence menstrual function. Based 
on their reported menstrual pattern in the previous six months, they were again stratified 
into the oligo/amenorrhoeic group or eumenorrhoeic group using the same definition as 
in previous sections. None of the subjects reported cycle lengths shorter than 25 days. 
A physical evaluation was performed, which included basic weight and height, 
measurements, and estimation of their body fat composition using bioelectrical 
impedance analysis method by means of a Tanita Body Fat Analyzer TBF 501 (Tanita, 
Japan). The bone mineral density of the anterior-posterior lumbar spine (L2 to L4) and 
proximal femur including the femoral neck, greater trochanter, and the Ward's triangle 
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were measured using dual energy X-ray absorptiometry (DXA) utilizing the Norland 
XR26 Mark II system (Norland Medical System Inc，WI, USA). Peripheral quantitative 
computerized tomography (pQCT) was performed on the non-dominant distal radius and 
bilateral distal tibia using the Densiscan 2000. The protocols used were the same as in the 
previous sections. 
The dance students were asked to repeat the questionnaire, the basic anthropometric 
measurements, and the DXA and pQCT scans for bone mineral density after an 18 month 
interval from the first assessment, with a range of 17 to 19 months. Menstrual pattern was 
compared between the two assessments, and only those who remained in the same 
menstrual category through the two assessments were included in the subsequent analysis. 
The controls were asked to repeat the questionnaire, the basic anthropometric 
measurements, and the DXA scans for axial BMD, though pQCT scans were not repeated 
in all subjects because of practical operational difficulties. All of the controls remained 
eumenorrhoeic through the two assessments. Statistical analysis was performed using the 
student's t test and Mann Whitney U tests for continuous variables when appropriate. A 
p-value of <0.05 was considered significant. Data were analyzed using the SPSS version 
10.0 (SPSS, Chicago, IL, USA). 
7.4. Results 
Of the dance students recruited, two became oligo/amenorrhoeic in the second 
assessment despite initially being in the eumenorrhoeic group. They were excluded from 
analysis. The final sample consisted of 26 dancers, of which 16 (61.5%) were 
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eumenorrhoeic and 10 (38.5%) were oligo/amenorrhoea through the two assessments, 
and 14 eumenorrhoeic controls. The mean age of the dancers and the controls were 
comparable, and their mean age of menarche did not differ. The dancers had significantly 
lower body mass index and lower body fat percentage as compared to the controls. There 
was no significant difference in the BMD values of the lumbar spine or hip between the 
two groups, nor were there any differences between the appendicular skeleton as 
measured at the distal radius or tibia in the first assessment (Table 7.1). Comparing the 
interval changes of the various parameters at the 18-month reassessment, the dancers 
showed significant increments in their lumbar spine and hip BMD values, but the 
increments in the control group were minimal. The differences were statistically 
significant at the lumbar spine, neck of femur and Ward's triangle (Table 7.2). As pQCT 
data was not available for the control group in the second assessment, no comparison on 
the appendicular skeletal values could be made. When the dancers were divided into the 
oligo/amenorrhoeic and eumenorrhoeic subgroups, comparison of the oligo/amenorrhoeic 
group with eumenorrhoeic controls showed the same differences as before (Table 7.3). 
On the other hand, when comparing the oligo/amenorrhoeic dancers with the 
eumenorrhoeic dancers, no significant differences in the BMD increments of the lumbar 
spine and hip sites could be shown between the two groups. However, the 
oligo/amenorrhoeic dancers showed significantly lower increments in their core 
(trabecular) radial and tibial volumetric BMD as compared to eumenorrhoeic dancers, 




The findings supported the beneficial effects of physical exercise and physical training on 
bone mineral density, with significantly higher BMD increments being shown in dancers 
in the lumbar spine, hip sites as well as the distal tibia as compared to controls after an 18 
month period of training. In dance exercises, the main component of such activity came 
from jumping up and down in support of the dancers own body weight, with a frequency 
that could reach up to once every 2 to 3 seconds, providing a strong osteogenic stimulus 
to bones [126]. As discussed in Chapter 6，the osteogenic effects of such weight-bearing 
exercises could be seen in a variety of sports, such as athletics [118], weight lifting [127], 
soccer or track [119], but not observed in sports activities that involved extensive energy 
expenditure and muscle strength but no true weight bearing, such as in swimming [119， 
120]. The findings here are consistent with the hypothesis that repetitive stress applied to 
weight- bearing sites over extended periods of time as in dance training served as an 
important strengthening agent for bones in these young females. 
The strength of the data lies in its longitudinal nature. For the individual patient, interval 
assessments of BMD by either DXA or pQCT are usually recommended to be spaced out 
for 24 months or more, as the minimal significant changes that can be measured by such 
systems would be expected to be smaller than the actual changes over shorter intervals. In 
the present settings of comparing a cohort of women, an 18 month period should however 
be justifiable. Data from other longitudinal studies have shown that during pubertal 
maturation, the accumulation rate of areal bone mineral density (BMD) as measured by 
dual energy X-ray absorptiometry (DXA) at major sites of the axial skeleton such as the 
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lumbar spine or the hip, increases by four to six fold over a 3 year period from 11 to 14 
years in females [127]. The increase in BMD in the appendicular skeleton tend to be less 
marked, with only a twofold increase measured in the forearm [128] or midshaft of the 
femur [129]. From menarche onwards, the increase in BMD declines rapidly as peak 
bone mass is achieved any time before the end of the second decade to the early third 
decade, so that a large biological variability in the BMD values in both the axial and 
appendicular skeleton will exist by that time [130]. While the benefits of exercise was not 
uniformly demonstrated in all longitudinal studies [76,77], similar studies in different age 
groups have been able to show higher BMD bone accrual in associated with exercise and 
training [42，131]. Moreover, the findings of minimal BMD increments over the 18 
month interval in the group of eumenorrhoeic controls was consistent with previously 
reported data that these females could have almost reached their peak bone mass before 
the end of the second decade [127]. The findings of much higher BMD accrual for the 
dancers over the study period indicate that the stimulus of exercise could result in further 
bone accrual even in this age period of 17 -22 years. The possible implications of this 
effect on peak bone mass and on BMD in later life have also been described in several 
studies [75, 121], though further more extensive long term follow-up studies will be 
needed to evaluate the impact on postmenopausal osteoporosis. 
The data comparing eumenorrhoeic and oligo/amenorrhoeic dancers showed equal . 
increments of BMD in the axial skeletal sites, but lower trabecular bone increments in the 
appendicular skeleton in the distal radius and tibia. Due to the small sample size of this 
series, it is difficult to conclude whether such differences are the results of hypo-
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oestrogenism associated with the athlete triad syndrome. In postmenopausal hypo-
estrogenic states, trabecular bone loss had been shown to occur before cortical bone loss 
due to higher bone turnover [132]. Thus, in this group of young dancers studied here, the 
lower trabecular bone volumetric BMD in the distal radius and tibia could reflect bone 
loss of such a nature. Indeed, studies in distance runners have shown lower BMD in those 
with menstrual problems not only in the axial skeleton, but also the appendicular skeleton 
as well [110]. Also, a recent study in ballet dancers have shown that weight-bearing 
exercise may offset the effects of hypogonadism at predominantly cortical weight bearing 
sites, but not sites that contained substantial amounts of trabecular bone [123]. The 
findings obtained here could probably be explained by the same mechanism. 
In the data presented, possible trabecular bone loss in the axial skeleton of 
oligo/amenorrhoeic dancers could have been masked by the effects of intensive exercise, 
so that BMD differences only showed up in trabecular sites in the appendicular non-
major weight bearing sites. Indeed, when only axial skeletal sites such as the lumbar 
spine or hip are considered, a recent study on sub-elite female adolescent runners has 
shown no detrimental effect on bone accrual despite delayed pubertal development [124]. 
Similarly, a longitudinal study of a small group of adolescent gymnasts have also shown 
that despite lower body fat composition and weight, they were able to have enhanced 
BMD values over a period of three years as compared to controls [122]. It is apparent 
from such data that despite the potential association of osteoporosis to oligo/amenorrhoea 
in young women undergoing intensive physical training, the majority of these young 
women have been able to benefit from such activity to enhance their bone mineral density 
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accrual as compared to sedentary controls of the same age. Moreover, true osteoporosis 
appears to be rare in these women, to the extent that it has been proposed that the criteria 
for athlete triad syndrome should use osteopenia rather than osteoporosis [125]. 
In summary, the longitudinal data showed that the intense physical training in the dancers 
in their late adolescence were conducive to persistent increments in their bone mass 
accrual at axial skeletal sites irrespective of their menstrual status. Those with oligo/ 
amenorrhoea, however, apparently had lower trabecular bone BMD increments in their 
appendicular skeletal sites, which could signify the negative effects of hypogonadism. 
Studies with larger sample sizes will be needed for further evaluation. 
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Table 7.1. Comparison between basic characteristics of dancers and non-exercising 
subjects recruited for longitudinal assessment 
Dancers Non-exercising p-value; 
N = 26 N= 14 Mean difference (95% CI) 
Mean (SD) Mean (SD)  
Age 18.35 (1.41) 18.64 (0.74) 0.47; -0.30 
(-1.12 to 0.53) 
Height (cm) 159.12 (3.69) 158.43 (5.92) 0.65; 0.69 
(-2.38 to 3.76) 
Weight (kg) 46.17(3.52) 48.51 (6.58) 0.14;-2.39 
(-5.61 to 0.81) 
BMI (kg/m') 18.22(1.18) 19.28 (1.90) 0.03;-1.05 
(-2.04 to -0.066) 
Body fat % 19.19(3.44) 23.64 (3.52) <0.001;-4.45 
(-6.77 to -2.12) 
Age of Menarche 12.62 (0.94) 11.96(1.15) 0.061; 0.65 
(0.032 to 1.33) 
Lumbar spine 0.921 (0.089) 0.968 (0.134) 0.19;- 0.046 
L2-L4 (g/cm') (-0.11 to 0.025) 
Mean neck of femur 0.903 (0.077) 0.874 (0.136) 0.38; 0.029 
(g/cm^) (-0.038 to 0.097) 
Mean Ward's 0.746 (0.092) 0.768(0.142) 0.57; -0.021 
triangle (g/cm') (-0.096 to 0.054) 
Mean Trochanter 0.753 (0.081) 0.719 (0.122) 0.30; 0.033 
(g/cm') (-0.031 to 0.099) 
Distal radius core 274.04 (68.4) 272.68 (78.17) 0.95; 1.35 
BMD (mg/cm^) (-45.96 to 48.67) 
Distal radius total 610.16 (59.46) 598.68 (53.62) 0.53; 11.47 
BMD (mg/cm') (-25.91 to 48.87) 
Distal tibia core 312.66 (45.85) 309.81 (37.21) 0.83; 2.85 
BMD (mg/cm^) (-25 to 30.7) 
Distal tibia total 625.54(133) 602.43 (94) 0.55; 23.1 
BMD (mg/cm^) (-55 to 101) 
/ 
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Table 7.2. Comparison of interval changes in BMD after 18 months between dancers 
and non-exercising subjects 
Dancers Non-exercising p-value; 
N = 26 N= 14 Mean difference (95% CI) 
Mean (SD) Mean (SD)  
Weight change (kg) -0.38 (1.06) 0(1.03) 0.27; 
-0.38 (-1.09 to 0.31) 
BMI change (kg/m^) -0.155 (0.423) 0.031 (0.441) 0.18; 
-0.187 (-0.469 to 0.094) 
Body fat change % -0.107 (2.24) -1.92 (2.55) 0.025; 
1.82 (0.241 to 3.4) 
Lumbar spine BMD 0.0758 (0.0523) 0.0179 (0.0239) <0.001; 
change (g/cm') 0.0579 (0.0279 to 0.088) 
Neck of femur BMD 0.0459(0.0307) 0.0098 (0.0111) < 0.001; 
change (g/cm') 0.036 (0.0188 to 0.0534) 
Ward's triangle 0.0369 (0.0247) 0.0094 (0.015) 0.001; 
BMD change 0.0275 (0.0128 to 0.0423) 
(g/cm') 
Trochanter BMD 0.0262 (0.0314) 0.0129 (0.0114) 0.13; 
change (g/cm�） 0.0133 (- 0.0044 to 0.031) 
‘ D i s t a l radius core 12.76 (10.57) - -
BMD change 
(mg/cm^) 
Distal radius total 19.30(17.35) - -
BMD change 
(mg/cm^) 
Distal radius core 11.3 (8.24) - -
BMD change 
(mg/cm^) 




Table 7.3. Comparison of interval changes in BMD after 18 months in dancers with 
or without oligo/amenorrhoea 
I II I Vs II IIVs III III I Vs III 一 
Eumenorr Eumenorr p-value; p-value; Oligo/Amen p-value; 
hoeic non- hoeic Mean Mean orrhoeic Mean 
exercising dancers difference difference dancers difference 
n=14 N=16 (95% CI) (95% CI) N = 1 0 (95% CI) 
Mean(SD) Mean(SD) Mean (SD)  
Weight 0(1.03) -0.47 0.25; 0.0475 0.61;-0.22 -0.25 (0.85) 0.53; -0.25 
change(kg) (1.19) (-0.36to 1.31) (-1.122 t o (-0.58 to 1.08) 
0.672) 
BMI change 0.031 -0.171 0.22; 0.202 0.82; -0.04 -0.131 0.32; -0.162 
(kg/m^) (0.441) (0.474) (-0.132 to (- 0.399 t o (0.351) (-0.17 t o 
0.537) 0.319) 0.495) 
Body fat -1.92 -0.33 0.104;-1.59 0.52; -0.59 0.26(1.51) 0.025;-2.18 
change % (2.55) (2.61) (-3.53 t o (-2.48 to (-4.07 to-
0.349) 1.28) 0.306) 
Lumbar spine 0.0179 0.0696 0.001;-0.051 0.45;-0.016 0.0858 0.001;-0.067 
BMD change (0.0239) (0.0486) (-0.081 to- (-0.060 t o (0.0591) (-0.104 to 
(g/cm') 0.022) 0.027) -0.031) 
Neck of femur 0.0098 0.0502 <0.001;-0.04 0.38;0.011 0.0391 0.001;-0.029 
BMD change (0.0111) (0.0333) (-0.059 t o (-0.014 to (0.0261) (-0.045 t o 
(g/cm') -0.021) 0.036) -0.013) 
Ward's 0.0094 0.0325 0.003; -0.023 0.26;-0.011 0.0439 0.001;-0.034 
triangle BMD (0.015) (0.0223) (-0.037 t o (-0.031 t o (0.0281) (-0.052 to 
change -0.008) 0.009) -0.016) 
(g/cm') 
Trochanter 0.0129 0.0302 0.001;-0.017 0.42;-0.010 0.0198 0.60; -0.0069 
BMD change (0.0114) (0.0139) (-0.026 t o - (-0.016 t o (0.0485) (-0.034 t o 
(g/cm') 0.007) 0.0367) 0.02) 
Distal radius - 17.1 N/A 0.004;11.48 5.7 (7.67) N/A 
(core) BMD (9.84) (3.92 to 
change 19.04) 
(mg/cm^) 
Distal radius - 23.3 N/A 0.14; 10.41 12.9(9.72) N/A 
(total) BMD (20) (-3.65 t o 
change 24.47) 
(mg/cm^) 
Mean tibia - 13.96 N/A 0.034; 3.08 7.05 (6.07) N/A 
(core) BMD (8.45) (0.55 to 
change 13.28) 
(mg/cm^) 
Mean tibia - 22.81 N/A 0.082; 9.41 13.4(11.69) N/A 




Chapter 8. Summative discussion and conclusion 
Osteoporosis was defined at the National Institutes of Health consensus conference as a 
disease that is associated with a loss of bone mass and a deterioration of bone structure, 
both of which result in an increased bone fragility and susceptibility to fracture [133]. In 
2000，this definition was modified to osteoporosis being defined as a skeletal disorder 
characterized by compromised bone strength that predisposes to an increased risk of 
fracture [134] together with some qualifying statements, which included: 
1) Bone strength reflects the integration of two main features: bone density and bone 
quality. Bone density is expressed as grams of mineral per area or volume 
2) In any given individual, bone density is determined by peak bone mass and the amount 
ofbone loss 
3) Bone quality refers to architecture, turnover, damage accumulation (e.g. 
microfractures), and mineralization [135]. 
Bone density is the parameter that can be determined best in vivo, has a high precision, 
correlates well with and accounts for about 70% of the biomechanically determined bone 
strength, the WHO definitions of osteoporosis and osteopenia are defined according to 
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the comparison of bone density against a young healthy reference population [136]. This 
definition, however, was originally designed to be used basically for comparison of the 
lumbar spine and proximal femur sites for Caucasian postmenopausal women, and cannot 
be extrapolated to other ethnic groups, age groups, or men, nor can it be applied to other 
bone sites bone density values measured by other techniques. 
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The studies presented in this thesis described the variations on bone mineral density in 
young Chinese women in their late adolescents and early twenties. The evaluation 
included measurement of areal bone mineral densities not only at the conventional sites 
of the hips and lumbar spine, but also volumetric bone density measurements at the distal 
radius and tibia. This information allows more understanding of the changes in BMD not 
only in the trabecular bone but also of cortical bone. It also allows direct comparison of 
bone density independent of bone size or thickness. While the ultimate aim of bone 
density studies would be to predict the risk of fractures, no attempt was made in this 
thesis to utilize the data yielded to classify the results into osteoporosis or osteopenia, or 
to predict fracture risks, as the values in the data cannot be interpreted meaningfully 
under the WHO definitions or criteria. 
More importantly, however, the data presented showed the interacting effects of physical 
exercise and menstrual dysfunction on bone mineral density in these young females, 
using dancers as a model. Within the non-exercising group, those with menstrual 
dysfunction as a result of polycystic ovary syndrome seem to have better BMD values as 
compared to those with hypothalamic dysfunction due to the protective effects of 
hyperandrogenism and hyperinsulinemia on bone mass (Chapter 4). In the dancers, 
exercise was shown to have a positive effect on BMD at the lumbar spine and hip sites in 
these young women undergoing intensive physical training, as compared to non-
exercising females in the same age group (Chapter 6). Within the group of dancers, those 
with menstrual dysfunction in the form of oligomenorrhoea and amenorrhoea were 
shown to have lower BMD as compared to eumenorrhoeic ones (Chapter 5), though their 
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BMD values were still comparable to non-exercising controls (Chapter 6). Longitudinal 
data over one and a half years was also able to demonstrate that dancers could continue to 
gain bone mass after the late teens, thus contributing to a higher peak bone mass, when 
the BMD values of sedentary controls have remained stationary over the observed period 
(Chapter 7). 
Volumetric BMD values and differences tend to follow the results of areal BMD values 
in most of the comparisons made. Amongst the non-exercising group, those with 
menstrual dysfunction from hypothalamic causes were shown to have lower total tibial 
BMD as compared to those with polycystic ovaries or those without menstrual 
dysfunction (Chapter 4). When dancers with menstrual dysfunction were compared with 
eumenorrhoeic ones, the total radius and tibial volumetric BMD were lower in the group 
with menstrual dysfunction than those without (Chapter 5). When dancers were compared 
with non-exercising females, the dancers were shown to have significantly higher tibial 
trabecular BMD as compared to non-exercising controls (Chapter 6). Finally, longitudinal 
data between dancers with or without menstrual dysfunction showed lower tibial 
trabecular BMD in those with menstrual dysfunction (Chapter 7). It can be seen that such 
measurements were able to show the subtle differences in the BMD values of these young 
females at different skeletal sites as a result of differing influences from exercise as well 
as menstrual and hormonal effects. While it is still difficult to draw a definitive 
conclusion to the clinical implications of pQCT and the measurements of volumetric 
BMD, it cannot be denied that such measurements add to our understanding of the 
physiology of bone density changes in the appendicular skeleton. Nevertheless, the 
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clinical use of derived calculations of bone strength indexes need to be further explored, 
as is the need to establish normograms for such volumetric BMD values based on large 
population data for comparison outside a research setting. 
There are, however, significant limitations to the data presented. While both the cross-
sectional and the longitudinal data presented strongly suggests that dancers would have 
higher peak bone mass than non-exercising females of similar age, it would be premature 
to conclude that this peak bone mass would be maintained in later life. Some reports have 
considered that peak bone mass would last only a brief moment before the net decline in 
mass begins, while others have argued that peak bone mass would plateau or be 
maintained for several years. Most likely, different skeletal sites would have different 
patterns, but the bone density seen at menopausal ages would to a large extent depend on 
the rate of bone loss in the next several decades after adolescence. Numerous 
confounding factors would make their mark during these years of middle life, including 
the continuation or cessation of physical exercises, the changes in body mass index, 
pregnancy and lactation, as well as other significant life style habits. It is not surprising 
thus, that, the benefits of exercise in early life on BMD was not uniformly shown in all 
published studies in the literature. Thus, further long term longitudinal studies to follow 
up these subjects to their menopause would be highly interesting to keep track of these 
changes, though there appears an obvious need to overcome many practical 
considerations and obstacles of such undertakings. 
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There was also no attempt in this presentation to look at markers of bone turnover, which 
would be a very useful tool for evaluation of not only static bone density, but also bone 
physiology, net bone loss rate and as a reflection of bone quality. The costs of such 
investigations, the need for laboratory support and the clinical tediousness of urine 
collections and associated methods were all obstacles to employing these methods in this 
project. 
In several sections in the thesis, it was mentioned that sample size was small, and that 
further subgroup analysis was difficult and not reliable. I was indeed fortunate to be able 
to evaluate a significant proportion of all the dance students from consecutive years of 
their studies from the Academy of Performing Arts. Nevertheless, the total number of 
female students in the institute was still limited, so that the total number in each analysis 
would still be restricted to around 40. This problem was even more obvious once 
attempts were made to restrict the analysis to a narrow band of ages to exclude 
heterogeneity due to different ages and different stages of bone accrual. Indeed, the 
sample size of recruited subjects has been a major factor in many similar studies 
conducted in dance medicine or sports medicine. For instance, elite professional dance 
companies would only have 30 to 40 members at the most, while inclusion of dancers 
from various sources often introduces heterogeneity that makes interpretation difficult. 
Despite these limitations, however, both areal and volumetric BMD measurements are 
highly precise and reproducible, with small coefficients of variation, so that small 
quantitative differences were detectable with the sample sizes that were used in the 
compilation of data in this thesis. On the other hand, large population surveys on a 
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narrow age band may be able to overcome such sample size limitations, but may bring 
into the data many confounding variables that need to be controlled for. 
Finally, it must be reiterated that the present data cannot be linked directly to prediction 
of fracture risks for these young females, nor could be extrapolated to predict the 
incidence of postmenopausal osteoporosis or osteopenia in these women in later life. The 
data presented strongly demonstrated the benefits of exercise on bone density and peak 
bone mass, and that even those with menstrual dysfunction still gained marginally in their 
BMD as compared to sedentary non-exercising women. However, no direct data has been 
collected in terms of the incidence of stress fractures or dance injuries in these subjects. 
One of the important reasons for the lack of such data goes back to the sample size 
problem, as given the low incidence of such stress fractures (in the range of a few percent 
per year at worse), a much larger sample will be needed to establish a difference in 
incidence and correlate this data to BMD values. Collection of data of all students over a 
number of years in the Academy in the attempt to establish a larger database of such 
fractures and injuries may be a practical solution, and pragmatic efforts are made at 
present towards this end. As stated above, long term follow up to their menopausal age 
appears remote and impractical, but the results yielded will indeed be of immense interest. 
In summary, the present data confirmed the practical use of areal and volumetric BMD 
measurements in young females in the evaluation of bone density changes, as well as the 
positive effects of physical exercise on bone density despite the opposing negative effects 
of menstrual dysfunction from intensive exercise. The data available would serve as a 
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starting point for the building on of a larger database to correlate these BMD findings 
from adolescence to stress fracture risks and to more long term longitudinal data 
evaluating osteoporosis in later life of active exercising and non-exercising women. 
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Appendix 1. Questionnaire for Recruited Dance students 
DATA SHEET 
ALL INFORMATION PROVIDED WILL BE KEPT STRICTLY CONFIDENTIAL 
所有資料，絕對保密 
Please fill in the blanks or circle the most appropriate option 
請在空格上填上答案，或把最適當答案圈上 
PART A. 
1. Name 姓名： 
2. Date of birth 出生日期: 
3. Father's height 父親高度: cm 
4. Mother's height 母親髙度: cm 
5. Place of birth 出生地方： 
Hong Kong 香港 / China 中國 / Taiwan 台灣 / Others 其他 
6. Living in Hong Kong 在港居留：Since birth 自出生 / for years 年 
7. Discipline 學科:Ballet 色蕾 
Chinese dance 中國舞 
Modem dance 現代舞 
Musical theatre dance 音樂劇 
Others其他 
8. Class 班級： 
9. No. of years trained in above discipline曾受訓時間年： 年 
10. No. of hours spent per week in 每星期受訓時間： 
Class課堂 小時 
Exercise and training 基本訓練 小時 
Rehearsals採排 小時（每星期計） 
Other sports activities 其他運動： 
Athletics / Running 田徑/跑步 小時 
Ball games球類 小時 
Swimming游泳 小時（每星期計） 
11. Height 高度: _ c m 
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12. Weight 體重: cm 
13. Cigarette smoking 吸煙： 
a. Never 從不 
b. About once a month 每月一次 
c. About once per week 每星期一次 
d. Almost everyday 幾乎每天 
e. Daily cigarettes per day 每天數量 
14. Alcohol 飲酒： 
a. Never 從不 
b. About once a month 每月一次 
c. About once per week 每星其月一次 
d. Almost everyday 幾乎每天 
e. Daily 
15. Other regular drugs taken: 
Caffeine 咖啡因 frequency 次數 per day 每日 
Herbal medicine 藥材 frequency 次數 per week 每週 
Others: specify 其他 frequency 次數 
16. Have you use the following birth control methods 曾否用以下避孕方法： 
a. Nil 無 
b. Condoms安全套 
c. Oral contraceptives 避孕丸 
d. Contraceptive injections 避孕針 
e. Other methods K他，specify 請註明 
Part B. 
1. Date of last menstrual period (first day)最後經期日期（第一天） 
2. Have you had history of having no periods for over 3 months in the recent year? 
在最近一年内，你曾否有停經三個月或以上？ 
a. Never 沒有 
b. Very Occasional 非常偶然 
c. Occasionally 偶然 
d. Frequently 經常 
3. Have you seen a doctor in the past 1 year because of menstrual problems? 
你曾否因經期問題在最近一年内向醫生求診 
No. of times 次数 
4. Have you taken any drug to regulate menses in the past 1 year? 
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你曾否在最近一年内服用藥物調理經期？ 
a. Never 沒有 
b. Once 一次 
c. Several times 数次 
d. Regularly 經常 
5. Age of menarche 初經年齢 歲 
6. Are your cycles regular經期時間是否規律？ 
a. Always經常規律 
b. Usually regular 通常規律 
c. Usually irregular 通常不規律 
d. Always irregular 經常不規律 
e. Amenorrhoeic 沒有經期 
7. Average duration of each cycle (from first day of last period to first day of this 
period) 
經期時間相隔（上週期第一天至本週期第一天） days日 
8. Amount of menstrual flow :a. Very light 輕量 
b. Moderate 中量 
c. Heavy 大量 
d. Very heavy非常大量 
9. Duration of each period 每次經期日数 days 日 
10. Pain during period是否有經痛現象？ 
a. Never 無 
b. Occasional and mild 輕微偶然 
c. Occasion but moderate 中等偶然 
d. Regular and moderate 中等經常 
e. Regular and severe 嚴重經常 
Part C. 
1. Do you think you have sufficient rest 你自覺有充份休息時間嗎？ 
a. Very sufficient 非常充份 
b. Sufficient 充份 
c. Marginally sufficient 僅足 
d. Insufficient 不足 
e. Poor非常不足 
122 
2. Do you often have insomnia你有時常失眠卩馬？ 
a. Very often非常普遍 
b. Often 經常 
c. Occasionally 偶然 
d. Very occasionally 非常偶然 . 
e. Never 從不 
3. Do you need to take medication to help you to sleep 你曾否需要利用藥物幫助入睡 
嗎？ 
a. Very often非常普遍 
b. Often經常 
c. Occasionally 偶然 
d. Very occasionally 禹然 
e. Never 從不 
4. Do you take any medication to help you to perform better in your training? 
你曾否利用藥物辯助促進你的訓練表現 
a. No 無 
b. Caffeine 咖啡因 
c. Smoking 吸煙 
d. Other medications 其他 
5. How many times have you visited a doctor in the past 1 year? 
你在過去一年向醫生求診次数？ 
a. None 無 
b. One to three 一至三次 
c. Four to ten四至十次 
d. More than ten 超過十次 
e. More than twenty times 超過二十次 
6. List the reasons for medical consultations in order of frequency: 
向醫生求診最常見的原因（用1至 6列出） 
1 = most common reason 最普通6 = least common 最少 
( ) C o m m o n flu like problems 普通感冒 
()Musculoskeletal injuries 肌肉 /骨節受傷 
()Gynaecological problems 婦禾斗問題 
( )Chron ic medical illnesses 長期内科病症 
( )Rou t ine body check-up 例行身體檢查 
( ) O t h e r s : specify 其他註明 
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7. What type of doctors do you most commonly see 你所求診的醫生屬於那種類？ 
List in terms of frequency 請用數字列出： 
1 = most common 最多5 = least common 最少 
( ) F a m i l y doctor 家庭醫生 
()Specialist doctor 專科醫生 
()Traditional Chinese herbal doctor 中醫師 
( )Hospi ta l clinic / A and E department 醫院門診 / 急症室 
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Appendix 2. Information Sheet and Consent Form for dance students 
The Effect of Menstrual Dysfunction in Collegiate Dancers 
All flill time students of the School of Dance are invited to participate in this 
study. 
It is known that intensive dance training is frequently associated with 
menstrual disturbance, which in turn could be associated with loss of bone 
mass and osteoporosis. The effects of menstrual problems may be 
particularly important in the adolescent age group when bone mass should 
be accumulating with normal growth and maturity. The purpose of this study 
is to assess the interaction of dance training, and the possible development of 
menstrual dysfunction, and how these elements can affect bone mineral 
density. 
This is an observational study that utilizes non-invasive methods to 
assess growth and bone mineral density in adolescents. It includes 
measurement of height, weight, body fat composition, hormonal profile, 
bone density measurements by ultrasound, as well as the performance 
of dual-energy-X-ray absorptiometry examination and perimetric 
quantitative computerized tomography bone scanning at the Prince of 
Wales Hospital. All of these investigations are not known to be 
associated with side effects, and the radiation dose involved from the X-
ray examination is of low level. 
All data gathered from this study will be kept confidential, and will be 
utilized solely for research analysis. Participation in the study is on a 
voluntary basis. 
If there are any queries or problems concerning the project, participants are 
welcome to contact Ivy, your physiotherapist, or Dr Wong or Dr To during 
the clinic for further details. 
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Consent Form 
The Effect of Menstrual Dysfunction in Collegiate Dancers 
I， , consent to participate in the above study. 
The contents of the study has been explained to me clearly by 
. I have been given opportunities to ask questions, 
and these, if any, have been answered to my satisfaction. 
I understand that the participation is voluntary, and that I have the right to 
withdraw from the study at any time. I agree that all the data collected will 
only be used for research analysis and publication. 
Signature of Participant: Name of Participant:  
Signature of Witness: _ N a m e of Witness:  
Signature of Doctor: Name of Doctor:  
Date:  
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Appendix 3. Questionnaire for subjects recruited from Adolescent Clinic 
青少年經期異常情況問卷調查 
Questionnaire on Adolescent Menstrual Dysfunction 
Label 
1.最後經期日期（第一天）： 月 日 
Last Menstrual Period (1 ^ ^ day) ： 
2.在最近兩年内，你曾否有停經三個月或以上？ 
沒有/非常偶然/偶然/經常 
Have you has history of being amenorrhaeic for over 3 months in the 
recent 2 year? 
Never / Very occasionally / Occasionally / Frequently 
3.你曾否因經期問題在最近一年内向醫生求診？ 有丨無 
Have you seen a doctor in the past 1 year because of 
menstrual problems? Yes / No 
4.你曾否在最近一年内服用藥物調理經期？ 有丨無 
Have you taken any drugs to regulate menses in the past 
1 year? Yes / No 
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5.初經年齢： 歲 
Age of menarche:  
6.經期時間是否規律： 是/否 
Cycles ： Regular / Irregular 
7.經期時間相 隔 日（上週期第一天至本週期第一天） 
Duration of each cycle (from 广 day of last period to day of this 
period) days 
8.經期流量：輕量/中等/大量 
Amount of menstrual flow: Light / Moderate / Heavy 
9.每週期所需時間： 日 
Duration of each period: days 
是否有經痛現象：輕微/中等/嚴重/無 
Pain during periods: Mild / Moderate / Severe / Nil 
10.你是否需要在經期時間服用止痛藥：無/偶然/經常 
Do you need to take pain killers at the time of periods: 
Never / Occasionally / Regularly 
11.是否有吸煙：有，每 日 支/無 
Smoking: Yes， cigarettes/day / No 
12.是否有飲酒：有/無；種類 ： ： 
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Drinking alcohol: Yes / No. Specify  
13.其他慣用藥物；請註明： 
Other drugs taken regularly: Specify_  
14.你是否素食者？ 是/否 
Are you a vegetarian? Yes / No 
15.習慣運動：田徑/球類/游泳/舞蹈/其他 
Exercises regularly performed: Athletes / Ball games / Swimming / 
Dancing / Others  
16.每星期體育運動練習時間 ： 
No. of hours spent in sports activities each week: hours 
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Appendix 4. Proformer Sheet for subjects recruited from Adolescent Clinic 
The Effect of Menstrual Dysfunction in Adolescents on Bone Mineral 
Density and Osteoporosis 
Patient Label Date. 
Height: cm 
Weight: kg 
Body Fat composition: % 
Ultrasound Os Calcis Measurement: 
Left Foot Right Foot 丄  
Heel BMD value: g / c m ^ H e e l BMD value: g/cm 
T-score T-score  
Stiffness: Stiffness:_  
Hormonal Profile checked: ( FSH，LH, prolactin) Yes / No 
Appointment for DEXA and PQCT: Yes / No Date:  
Diagnosis category: 





5) Amenorrhoea - Primary / Secondary 
6) Congenital abnormality:  
7) Other:  
Present Drug Treatment for Menstrual Dysfunction: 
1) Nil 
2) Simple analgesics, including mefanemic acid 
3) Pro vera withdrawal 
4) Oral combined pills 
5) Progestogens 
6) Hormonal replacement therapy 
7) Others:  
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Appendix 5. Consent From and Information Sheet for subjects from Adolescent Clinic 
司意書 
青少年經期異常情況與骨質密度及骨質疏鬆的關係 



























The Effect of Menstrual Dysfunction in Adolescents on 
Bone Mineral Density and Osteoporosis 
All patients between age 16 to 20 inclusive attending the Adolescent 
Gynaecology Clinic are invited to participate in this study. 
It is known that certain forms of menstrual disturbance are associated with 
loss of bone mass and osteoporosis. The effects of menstrual problems may 
be particularly important in the adolescent age group when bone mass 
should be accumulating with normal growth and maturity. The purpose of 
this study is to assess how different menstrual problems can affect bone 
mineral density in the adolescent age group, and thus, to help to define better 
treatment methods. 
This is an observational study that utilizes non-invasive methods to 
assess growth and bone mineral density in adolescents. It includes 
measurement of height, weight, body fat composition, hormonal profile, 
bone density measurements by ultrasound, as well as the performance 
of dual-energy-X-ray absorptiometry examination and perimetric 
quantitative computerized tomography bone scanning at the Prince of 
Wales Hospital. All of these investigations are not known to be 
associated with side effects, and the radiation dose involved from the X-
ray examination is of low level. 
All data gathered from this study will be kept confidential, and will be 
utilized solely for research analysis. Participation in the study is on a 
voluntary basis, and will not affect the normal clinical treatment received 
from the Clinic. 
If there are any queries or problems concerning the project, participants are 
welcome to contact Dr To during the clinic for further details. 
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Consent Form 
The Effect of Menstrual Dysfunction in Adolescents on Bone 
Mineral Density and Osteoporosis 
I, ，consent to participate in the above study. 
The contents of the study has been explained to me clearly by 
. I have been given opportunities to ask questions, 
and these, if any, have been answered to my satisfaction. 
I understand that the participation is voluntary, and that I have the right to 
withdraw from the study at any time without compromising the treatment I 
receive from this clinic. I agree that all the data collected will only be used 
for research analysis and publication. 
Patient label 
Signature of Participant: Name of Participant:  
Signature of Witness: Name of Witness:  
Signature of Doctor: Name of Doctor:  
Date:  
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